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STEREOGHMICAL STUDIES IK THE DIPHEKYL SERIES.
A p l a n e  c o n f i g u r a t i o n  ( P i g . I )  h a s  now b e e n  a s s i g n e d  to  
t h e  d i p h e n y l  m o l e c u l e ,  and asymmetry i n  th e  s e r i e s  h a s  b e e n  
a s c r i b e d  to  th e  r e s t r i c t i o n  o f  r o t a t i o n  o f  t h e  two p h e n y l  
r i n g s  a b o u t  t h e i r  common bond .  ( r e f r .  p . 3 ) .  The 
r e s t r i c t i o n  i s  a t t r i b u t e d  t o  th e  s p a c e  e f f e c t  o f  o r t h o  
s u b s t i t u e n t s ,  w h ic h ,  i f  s u f f i c i e n t l y  l a r g e ,  a c t  as  
^ 'o b s tac le s '^  to  t h e  f r e e  p a s s a g e  o f  t h e  r i n g s ,  and two 
e n a n t io m o rp h ic  fo rm s  a r e  p ro d u c e d  ( P i g s .IT and I I I . ) .
A X
B Y
F ' T  I- u .  i n .
2 .
The asymmetry i s  com parab le  to  t h a t  o f  t h e  a l i e n s  d e r i v a t i v e s
X
t  =  C = c ( ^  , t h e  e s s e n t i a l  c o n d i t i o n  b e i n g  t h e  a t t a c h m e n t  
to  a c e n t r e  o f  d is sy m m etry  o f  two n o n - c o p l a n a r  p a i r s  o f  
u n l i k e  g r o u p s ,  t h e  t e r m  "group'* i n  t h e  d i p h e n y l  s e r i e s  
b e i n g  t a k e n  to  i n c l u d e  E -a n d 3 -  ( o r  5 - a n d 6 - )  s u b s t i t u e n t s ,  
i . e .  f o r  a sy m m etry : -
(1) A a n d / o r  B must  be  s u f f i c i e n t l y  l a r g e  n o t  t o  p a s s  X 
o r  Y so t h a t  th e y  c a n n o t  become c o p l a n a r ,  and
(2) A and B m ust  be d i f f e r e n t  f rom  e a c h  o t h e r ,  a s  m ust  X 
and Y, a l t h o u g h  A may be t h e  same as  X a n d / o r  B a s  Y. 
A l t e r n a t i v e l y ,  A and B a n d / o r  X and Y may be a l i k e  
p r o v i d e d  th e  asymmetry i s  c o m p le te d  by a  3 - s u b s t i t u e n t  i n  
t h e  r i n g ,  ( s e e  exam ples  6, 1 5 ,  19 and 20 b e l o w ) .
Of t h e  numerous d e r i v a t i v e s  o f  d i p h e n y l  which  have  b e e n  
shown to  be c a p a b le  o f  r e s o l u t i o n ,  t h e  f o l l o w i n g  may be 
t a k e n  as  r e p r e s e n t a t i v e s : -
3 .
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G-roup IT. R e s t r i c t i o n  due to  t h r e e  s u b s t i t u e n t  o r t h o  g ro u p s  
The f o u r t h  f a c t o r  i n  h e t e r o g e n e i t y  i s  i n t r o d u c e d  
. hy t h e  u n s u h s t i t u t e d  o r t h o  h y d ro g e n  a tom .
( i . e .  i n  P i g . IT, A = H . ) .
A n t i m e r i c  form s a r e ,  on th e  w h o le ,  more r e a d i l y  
r a c e m is e d  t h a n  i n  Group I .
11. No^
No,
No^ C h r i s t i e  and K en n e r ,  
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Nûj S t e a m  and Adams,
J.Am. S o c . , 1931 ,  52, 2070
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Grroup I I I . R e s t r i c t i o n  due to  two s u b s t i t u e n t  o r t h o  Rrouios. 






X e s s l i e  and T u r n e r ,
J . C . S . , 1932 ,  2021 ,  2394 .
1 8 . Co.
I I
co,H 8 e a r  l e  and Ad.ams,
J .Amer . S o c . ,  1933 ,  55, 1649 .
1 9 . Shaw and T u r n e r ,
J . C . S . ,  1933 ,  135 .
The lOi/Ieg g roup  ca n  p a s s  t h e  
^ -H y d ro g en  a t o m , t u t  "being d i f f e r e n t  
from I^Meg.I i t  i n t r o d u c e s  
a s y m m et ry .
8 .
20 .  Group W .  R e s t r i c t i o n  due t o  one s u t s t l t u e n t  o r t h o  g ro u p
A p a r t  from example 19 ,  o n ly  one d e r i v a t i v e  i n  
t h i s  c l a s s  h a s  b e e n  r e s o l v e d : -
l e s s l i e  and T u r n e r ,  J . C . S .  1 9 33 ,  1 588 .
Comparing t h i s  m o le c u le  w i t h  P i g . ^ ,  B-AsMegl,  
A a X * H, and a l t h o u g h  Y -  H i t  i s  p r e c l u d e d  
from i d e n t i t y  w i t h  X hy th e  3 - s u h s t i t u e n t  
b r o m i n e .
I t  h a s  b e e n  a  m a t t e r  o f  p a r t i c u l a r  i n t e r e s t  t o  
d e t e r m in e  th e  s i z e  o f  t h e  o r t h o  s u b s t i t u e n t s  w h ich ,  i n  t h e  
l i m i t ,  w i l l  j u s t  p r e v e n t  r o t a t i o n .  S t a n l e y  and Adams 
( J .A m .S o c . ,  1930 ,  52, 1200) c o n s i d e r e d  t h a t  a c o l l i s i o n  
a r e a  o r  " o v e r l a p ” o f  0*39 f  was n e c e s s a r y  f o r  t h e  com ple te  
s t a b i l i t y  o f  i s o m e r s ,  and gave th e  g e n e r a l  e q u a t i o n  
dg -  2*9 > 0«39 1  as  t h e  c o n d i t i o n  f o r  r e s o l v a b i l i t y  w i t h  
n o n - r a c e m i s a t i o n ,  where dg i s  t h e  sum, i n  I n g s t r o m  u n i t s ,
o f  t h e  d i a m e t e r s  o f  t h e  two s u b s t i t u e n t  o r t h o  g r o u p s ,  and
0
2*9 (A) i s  t w ic e  th e  v a l u e  t a k e n  f o r  t h e  d i a m e t e r  o f  an  
a r o m a t i c  c a r b o n  a tom . The c a l c u l a t i o n  was n e c e s s a r i l y  an
9 .
e m p i r i c a l  o n e ,  and s i n c e  t h e  d e r i v a t i v e s  o f  d i p h e n y l  w h ich  
had  t h e n  b e e n  r e s o l v e d  m o s t ly  had  -UOg o r  -COgH as  o r t h o  
s u b s t i t u e n t s  v e r y  few d a t a  were a v a i l a b l e .  I t  i s  n o t  
s u r p r i s i n g  t h e r e f o r e  t h a t  more r e c e n t  work h a s  g i v e n  
s l i g h t l y  d e v i o u s  r e s u l t s  ( e . g .  t h e  r e a d y  r a c é m i s a t i o n
NOi OHe
o f  ^ y  ^ \ o b s e r v e d  by Yuan and  Adams,
Co^H OMt.
( J .A m e r .S o c .  1932, 2 9 6 6 ) .  E s p e c i a l l y  n o t a b l e  i s  t h e  
r e s o l u t i o n  o f  2 : 2 ’ - d i f l u o r o  -  6 : 6 ’ - d i a m i n o -  3 : 5 : 3 ’ : 5 ’ - 
t e t r a m e t h y l - d i p h e n y l  ( K l e i d e r e r  and Adams, J .A m er.  Soc .
1931 ,  53 ,  1 5 7 5 ) .  C a l c u l a t i o n  shows t h a t  t h e r e  i s  no 
o v e r l a p  e i t h e r  b e tw e e n  two o r t h o - s u b s t i t u e n t  n i t r o g e n  atoms 
o r  b e tw e e n  a n i t r o g e n  atom and a f l u o r i n e  a tom. Adams 
e x p l a i n s  t h i s  a p p a r e n t  d e v i a t i o n  by a t t r i b u t i n g  some volume
e f f e c t  t o  t h e  h y d ro g e n  atoms o f  th e  amino g r o u p , and s t a t e s
( K l e i d e r e r  and Adams, J .A m e r .S o c . ,  1933 ,  55 ,  4219) t h a t  t h e  
s h o r t  h a l f - l i f e  p e r i o d  (60 m in s .  i n  b o i l i n g  a b s o l u t e  a l c o h o l )  
i s  e x a c t l y  what  th e y  had  p r e d i c t e d  f rom t h e i r  c a l c u l a t i o n s  
i n  w h ich  due a l lo w a n c e  had  b e e n  made f o r  h y d ro g e n .
S id g w ic k ,  (Annual R e p o r t s  ----  o f  t h e  Chem ica l  S o c i e t y ,  1922 ,
p . 69) h ow eve r ,  h o ld s  t h e  v iew  t h a t  t h e  h y d ro g e n  atoms a r e  
t u r n e d  o u t  o f  t h e  way o f  th e  f l u o r i n e  a tom , and a t t r i b u t e s  
t h e  d i s c r e p a n c y  to  f o r c e s  o f  e l e c t r i c a l  o r i g i n .  S id g w ic k  
c o n s i d e r s  t h a t  t h e  m u tu a l  e l e c t r o s t a t i c  r e p u l s i o n  b e tw e e n
1 0 .
o r t h o  g ro u p s  ( a s  b e tw een  u n l i n k e d  atoms i n  g e n e r a l )  c r e a t e s  
an  o u t e r  s p h e r e  o f  i n f l u e n c e  o r  " e n v e lo p e "  ro u n d  each  g r o u p ,  
i n s i d e  w hich  th e  b o u n d a r i e s  o f  o t h e r  atoms c a n n o t  p e n e t r a t e ,  
so t h a t  t h e  e f f e c t i v e  volumes ( o f  t h e  g ro u p s )  a r e  m u t u a l l y  
i n c r e a s e d .  The v a l u e  0*5 1 i s  g i v e n  f o r  th e  p r o b a b l e  
t h i c k n e s s  o f  t h e  e n v e l o p e ,  b u t  on  t h i s  b a s i s  many d i p h e n y l  
d e r i v a t i v e s  s h o u ld  be o p t i c a l l y  a c t i v e  which  so f a r  have  
r e s i s t e d  a l l  a t t e m p t s  to  r e s o l v e  them, e . g .  d i p h e n i c  a c i d .
The m a t t e r  h as  b e e n  d i s c u s s e d  by Shaw and T u rn e r  ( J . C . S .
1933 ,  1 3 5 ) .  These  a u t h o r s  a l s o  h o l d  t h e  v ie w  t h a t  e l e c t r i c a l  
e f f e c t s  a r e  r e s p o n s i b l e ,  to  some e x t e n t  a t  l e a s t ,  f o r  th e  
r e s t r i c t i o n  o f  r o t a t i o n .  They p o i n t  o u t  t h a t  th e  n u m e r i c a l  
d a t a  g e n e r a l l y  u s e d  i n  c a l c u l a t i n g  c o l l i s i o n  e f f e c t s  b e tw e e n  
( u n l i n k e d )  o r t h o  g ro u p s  i s  n o t  s t r i c t l y  a p p l i c a b l e ,  b e i n g  
o b t a i n e d  f rom m easu rem en ts  o f  i n t e r n u c l e a r  d i s t a n c e s  b e tw e en  
l i n k e d  atoms e i t h e r  i n  th e  s o l i d  ( f rom  X - ra y  c r y s t a l  a n a l y s i s )  
o r  i n  th e  v a p o u r  ( f ro m  e l e c t r o n  d i f f r a c t i o n  p a t t e r n s )  s t a t e .
I t  i s  i n t e r e s t i n g  to  n o t e  t h a t  " e l e c t r i c a l  e f f e c t s "  were  among 
th e  f a c t o r s  c o n s i d e r e d  by Le P e v re  and T u r n e r  ( l o c . c i t )  i n  
t h e i r  o r i g i n a l  s u r v e y  o f  t h e  p o s s i b l e  c a u s e s  o f  m o l e c u l a r  
asymmetry i n  t h i s  s e r i e s ,  and w h e t h e r  t h e  e l e c t r o s t a t i c  
r e p u l s i o n  b e tw e e n  a p p r o a c h in g  o r t h o - g r o u p s  be r e g a r d e d  as  
m a i n t a i n i n g  th e  a n g u l a r  s e p a r a t i o n  o f  t h e  d i p h e n y l  r i n g s  
d i r e c t l y ,  o r  w h e th e r  i t  a c t s  by i n c r e a s i n g  t h e  volume o f  th e  
o r t h o  g r o u p s ,  t h e  r e s u l t  i s  t h e  same. The f a c t  t h a t
1 1 .
d e v i a t i o n s  f rom  t h e  S tan ley -A dam s  e q u a t i o n  have  b e e n
NO^  OMe
o b s e rv e d  i n  two d i r e c t i o n s  ( ^ ^  ^^.s l e s s ,
CH3 NHz CW3 ct)."
and /  \________ \  was more s t a b l e  t h a n  p r e d i c t e d )
c«3 F p
s u g g e s t s  t h a t  t h e  c a u s e  i s  an  e x t e r n a l  one and  may be 
c o n n e c te d  w i t h  t h e  o p p o s i t e  p o l a r  e f f e c t s  o f  ^OMe and —^ P.
I n  c o n c l u s i o n  i t  may be s a i d  t h a t  t h e r e  i s  
r e a s o n  to  b e l i e v e  t h a t  t h e  i n t e r n u c l e a r  d i s t a n c e s  be tw een  
c o n t i g u o u s  u n l i n k e d  atoms i s  d e f i n i t e l y  g r e a t e r  t h a n  
be tw e en  l i n k e d  a to m s ,  t o  w h ich  n u m e r i c a l  c a l c u l a t i o n s  
a p p l y ,  t h e  i n c r e a s e  p r o b a b l y  b e i n g  due t o  t h e  e l e c t r o s t a t i c  
r e p u l s i o n  b e tw e e n  e l e c t r o n s  whose m a g n e t i c  moments a r e  
a l r e a d y  p a i r e d  w i t h i n  th e  m o le c u l e  ( s e e  f u r t h e r  d i s c u s s i o n  
p . 46 b e l o w ) .  I t  seems r e a s o n a b l e  t o  assume t h e r e f o r e , 
t h a t  p o l a r  e f f e c t s  a r e  a p o t e n t i a l  f a c t o r  i n  th e  r e s t r i c t i o n  
o f  r o t a t i o n  o f  t h e  2 : 2 ’ -  d i s u b s t i t u t e d  d i p h e n y l  m o l e c u l e ,  
a l t h o u g h  t h e y  may be th e  d e c i d i n g  f a c t o r  o n ly  i n  l i m i t i n g  
c a s e s .  2 : 2 * - d i f l u o r o - 6 : 6’ -  d iam ino  -  2 : 5 : 3 ’ : 5 ’ - 
t e t r a m e t h y l  d i p h e n y l  may be a  l i m i t i n g  c a s e ,  c a l c u l a t i o n  from  
X - r a y  d a t a  a l l o w s  n i t r o g e n  and f l u o r i n e  j u s t  t o  p a s s ,  and 
f l u o r i n e  i s  h i g h l y  p o l a r .  The s y n t h e s i s  o f  su c h  compounds, 
h a v in g  s m a l l ,  b u t  h i g h l y  p o l a r ,  u n i v a l e n t  a toms a s  o r t h o  
s u b s t i t u e n t s ,  p r e s e n t s  c o n s i d e r a b l e  d i f f i c u l t i e s ,  and u n t i l  
t h e s e  have b e e n  overcome and more e x p e r i m e n t a l  e v id e n c e  i s  
a v a i l a b l e  i t  i s  i m p o s s i b l e  t o  d e c id e  how f a r  t h e  r e s t r i c t i o n
1 2 .
i s  due t o  m e c h a n ic a l  e f f e c t s  and how f a r  t o  p o l a r  o n e s .
I n  t h e  m ean t im e ,  su ch  e x p e r i m e n t a l  r e s u l t s  a s  a r e  a v a i l a b l e  
a r e  b e i n g  u s e d ,  c o n v e r s e l y ,  to  d e t e r m in e  t h e  r e l a t i v e  s i z e s  
o f  u n l i n k e d  a tom s,  ( e . g .  Yuan and Adams, l o c - c i t . ,  Shaw and 
T u r n e r ,  l o c . c i t . ) .
1 3 .
The p r e s e n t  work h a s  d e a l t  w i t h  th e  m e c h a n i c a l  
and w i t h  t h e  e l e c t r i c a l  a s p e c t  o f  d i p h e n y l  d y n am ics .
T. I n  t h e  f i r s t  p l a c e ,  an  a t t e m p t  h a s  b e e n  made t o  
s y n t h e s i s e  a  compound i n  w h ich  th e  a sy m m etr ic  c o n f i g u r a t i o n  
o f  th e  d i p h e n y l  m o le cu le  i s  m a i n t a i n e d ,  n o t  by th e  m u tu a l  
irnpedence o f  2 ;E’ - s u b s t i t u e n t s , b u t  by a s p i r o c y c l o  
c h a i n  fo rm in g  a  m e c h a n ic a l  b r i d g e  a c r o s s  t h e  2 : 2 ’ - p o s i t i o n s .
I I . I n  t h e  second  p l a c e ,  th e  e f f e c t  o f  a p o l a r  
s u b s t i t u e n t  i n  th e  4 : 4 ’ -  p o s i t i o n s  on t h e  r a t e  o f  
r a c é m i s a t i o n  o f  a 2 : 2 ’ -  d i s u b s t i t u t e d  d e r i v a t i v e  o f  
d i p h e n y l  h a s  b e e n  exam ined .
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I n  a l l  t h e  compounds o f  t h e  d i p h e n y l  s e r i e s  
w hich  have so f a r  b e e n  r e s o l v e d ,  t h e  asymmetry h a s  b e e n  
a t t r i b u t a b l e  to  th e  r e s t r i c t i o n  o f  r o t a t i o n  by o r t h o  
s u b s t i t u e n t s .  I n  t h e  p r e s e n t  work an a t t e m p t  h a s  b e e n  
made t o  s y n t h e s i s e  a  d i p h e n y l  d e r i v a t i v e  i n  w h ich  r o t a t i o n  
i s  r e s t r i c t e d  by a  c h a i n  b r i d g i n g  t h e  2: 2 '  p o s i t i o n s .
T h i s  c h a i n  may be r e g a r d e d  as  a c t i n g  i n  two ways: i t
w i l l  a n c h o r  t h e  o r t h o  p o s i t i o n s  n e a r  t o g e t h e r  i n  s p a c e ,  and 
80 r e s t r i c t  r o t a t i o n  o f  t h e  n u c l e i ,  and i t  w i l l  a l s o ,  by 
v i r t u e  o f  i t s  own s i z e ,  k ee p  th e  p l a n e s  o f  t h e  r i n g s  a p a r t ,  
so t h a t  a  r i g i d ,  s t a b l e  s t r u c t u r e  w i l l  be s e t  u p .
P i g .  W  i s  a  s p a t i a l  r e p r e s e n t a t i o n  o f  t h e  
s k e l e t o n  s t r u c t u r e  o f  a  compound o f  t h e  ty p e  : -
ye \  /
t \CR, Ut.
C = H Z >
pôr SoL-ke. o-j- fLe K^&dtJ lî S’k.
Vv,\tv Iv^^eJrocjeK  c \S  * R -  Su^4 f
F.'t  i ^ -
15'.
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The l i n k e d  a l i p h a t i c  c a r b o n  atoms 1 and 2 ,  b e i n g  s l i g h t l y  
l a r g e r  t h a n  a r o m a t i c  c a rb o n  a to m s ,  w h ich  would j u s t  t o u c h  
i n  su c h  c i r c u m s t a n c e s ,  (0*77A r a d i u s  as  a g a i n s t  0 *725^) ,  
w i l l  s l i g h t l y  o v e r l a p  e a c h  o t h e r ,  b u t  t h i s  o v e r l a p  i s  n o t  
s u f f i c i e n t  o f  i t s e l f  to  c a u se  m o l e c u l a r  asym m etry .  The 
i n c i d e n c e  o f  t h e  n i t r o g e n  atom, as  i t  w e re ,  s t a b i l i s e s  t h e  
a p l a n a r  p o s i t i o n  o f  t h e  r i n g s  and a t  t h e  same t im e  
i n t r o d u c e s  asymmetry .
The o p t i c a l  s t a b i l i t y  o f  th e  i s o m e r s  w i l l  depend upon  th e  
r e l a t i o n  b e tw een  th e  r i g i d i t y  o f  t h e  s p i r o - c y c l o  c h a i n  and 
th e  momentum o f  t h e  r o t a t i n g  m o l e c u l e .  I f  th e  s p i r o  
c h a i n  l o s e s  i t s  r i g i d i t y ,  e . g .  by d i s t e n t i o n  o f  v a l e n c y  
a n g l e s ,  t o  t h e  r o t a t i n g  m o le c u l e ,  t h e  e n t i r e  c o n f i g u r a t i o n  
becomes c o p l a n a r  and asymmetry d i s a p p e a r s .  I f ,  ho w ev e r ,  t h e  
r i g i d i t y  o f  t h e  c h a i n  i s  s u f f i c i e n t l y  g r e a t  t o  w i t h s t a n d  th e  
te n d e n cy  to  r o t a t i o n  o f  t h e  m o l e c u l e ,  b u c k l i n g  o f  the  
s p i r o - c h a i n  w i l l  o c c u r ,  w i t h  s t a b i l i s a t i o n  o f  i s o m e r s .
The c o n d i t i o n  f o r  i n s t a b i l i t y  o f  t h e  i s o m e r s  i s  
r e p r e s e n t e d  i n  P i g . V, w hich  i s  a  c o p l a n a r  r e p r e s e n t a t i o n
of ^ ^ ^  ^ . C o n s id e r  t h e  a n g u l a r  s t r a i n  i n  t h e
s p i r o - c y c l o  s y s te m .  C i r c l e  1 ,  P i g .  V, r e p r e s e n t s  w hat  
may be r e g a r d e d  as  t h e  p o s i t i o n  o f  th e  n i t r o g e n  atom b e f o r e  
s t r a i n  h a s  b ee n  d i s t r i b u t e d ,  o r  t h e  p o s i t i o n  o f  n i t r o g e n
nKç. ^ p c J  »cxl cx r \c^ eh rv er \l  o
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r e l a t i v e  to  i n d i v i d u a l  c a rb o n  atoms when t h e  r i n g s  a r e  
n o n - c o p l a n a r ,  t h e  c e n t r e  o f  c i r c l e  1 b e i n g  t h e  p o i n t  o f  
i n t e r s e c t i o n ,  i n  t h e  p l a n e  o f  t h e  r i n g s ,  o f  th e  l i n e s  
r e p r e s e n t i n g  th e  d i r e c t i o n s  o f  t h e  f r e e  c a r b o n  v a l e n c i e s .  
Prom th e  f i g u r e ,  w h ich  i s  drawn a p p r o x i m a t e l y  to  s c a l e ,  
( a to m ic  d im e n s io n s  as  d e t e r m in e d  by X - r a y  c r y s t a l  a n a l y s i s  
( P a u l i n g )  c a n  h e r e  be a p p l i e d  w i t h  some c e r t a i n t y )  t h e  
a n g l e  b e tw e e n  t h e  two n i t r o g e n  v a l e n c i e s  c o n c e rn e d  i s  t h e n  
a b o u t  2 0 0 ° ,  g i v i n g  a  s t r a i n  o f  a b o u t  9 0 ° .  To r e l i e v e  t h i s ,  
we may im ag ine  t h e  n i t r o g e n  atom moved up to  a  p o s i t i o n  as  
i n d i c a t e d  by c i r c l e  2 ,  th e  s t r a i n  t h e n  b e i n g  s h a r e d  by t h e  
two c a r b o n  a tom s ,  i . e .  t h e  s p i r o  c h a i n  i s  b u c k l e d .  T here  
i s  s t i l l  n o t  room f o r  t h e  n i t r o g e n  a tom, and f u r t h e r  
a d j u s t m e n t s  m ust  be im a g in e d  u n t i l  n i t r o g e n  ca n  occupy  a 
p o s i t i o n  r e p r e s e n t e d  by c i r c l e  3 .  T h i s  p o s i t i o n  r e p r e s e n t s  
t h e  s y m m e t r i c a l  c o n f i g u r a t i o n ,  o r  t h e  a r r a n g e m e n t  'a t  t h e  
moment o f  r a c é m i s a t i o n .  The v a l e n c y  a n g l e  o f  n i t r o g e n  i s  
t h e n  c o n t r a c t e d  ( s t r a i n  i s  a b o u t  - 5 0 ° )  w h i l e  t h e  v a l e n c y  
a n g l e  o f  e a c h  c a r b o n  atom i s  d i s t e n d e d  ( s t r a i n  i s  ab o u t  
+70° .)  T h is  im a g in a r y  c o n f i g u r a t i o n  m u s t , t h e r e f o r e , be 
u n s t a b l e ,  and must g iv e  r i s e  to  a. p o s i t i o n  o f  e q u i l i b r i u m  
su c h  a s  t h a t  i n d i c a t e d  by c i r c l e  2 ,  i . e .  t h e  c o n f i g u r a t i o n  
c a n n o t  be  c o p l a n a r .
A t h r e e - d i m e n s i o n a l  model o f  t h e  m o l e c u l e ,  o f  w h ich  
P i g .  ^  i s  a  p h o t o g r a p h ,  shows t h a t ,  a s  t h e  p h e n y l  r i n g s
1 9 .
r o t a t e ,  t h e  apex  a n g l e  w h ich  th e  f r e e  v a l e n c i e s  o f  c a r b o n  
atoms 1 and 2 make w i t h  e a c h  o t h e r  d e c r e a s e s ,  and a t  t h e  
p o i n t  where t h i s  a n g le  i s  109- |° ,  t h e  l e n g t h  f rom  t h e  a n g u l a r  
apex  t o  t h e  s u r f a c e  o f  t h e  c a r b o n  atoms i s  a lm o s t  e q u a l  to  
t h e  r a d i u s  o f  a  n i t r o g e n  a tom , i . e .  t h e r e  w i l l  be v e r y  
l i t t l e  s t r a i n  i n  t h e  7-memhered r i n g .  An i n d e p e n d e n t  
7-memhered h e t e r o c y l i c  r i n g  s y s te m  i s  s t r a i n l e s s ,  b u t  t h e  
i d e n t i t y  o f  f o u r  o f  th e  c a r b o n  atoms w i t h  t h o s e  a l r e a d y  
f u s e d  i n  t h e  1 : 1 ’ : 2 : 2 ’ p o r t i o n s  o f  t h e  d i p h e n y l  m o le c u l e  
may s u p p r e s s  t h e  a p p r o p r i a t e  b u c k l i n g  and so a c c o u n t  f o r  
t h e  s l i g h t  s t r a i n  w h ich  seems t o  be p r e s e n t  i n  t h e  m o d e l .
The model  i t s e l f  i s  a p e r f e c t l y  r i g i d  s t r u c t u r e .
I t  seemed r e a s o n a b l e  to  i n f e r ,  t h e r e f o r e ,  t h a t  
s t r u c t u r e  W  would be
(1) s t a b l e ,  and
(2) a s y m m e t r i c :  a m i r r o r  d n  th e  p l a n e  o f  t h e  p a p e r  o f  
P i g .  IV would  r e f l e c t  t h e  a n t i m e r i c  c o n f i g u r a t i o n ,  i n  w h ich  
t h e  n i t r o g e n  i s  i n  f r o n t  o f  c a r b o n  atom 1 and b e h i n d  
c a r b o n  atom 2 .
2 0 .
E x p e r im e n t s  were t h e r e f o r e  p l a n n e d  to  d e t e r m i n e  
t h e  e a s e  o f  f o r m a t i o n  o f  2 : 2 ’ - s p i r o - c y c l o - d e r i v a t i v e s  o f  
d i p h e n y l  w i t h  t h e  o b j e c t  o f  d e d u c in g  some i n f o r m a t i o n  as  
to  t h e  c o n f i g u r a t i o n  ad o p te d  by ( t h e  atoms c o m p r i s in g )  
t h e  s p i r o - c y c l o  c h a i n .
The compound
Z v  OHx'
3r'
was f i r s t
c h o s e n  as b e i n g  o f  th e  ty p e  s u i t a b l e  f o r  i n v e s t i g a t i o n ,  
s i n c e  i t  a p p e a r e d  to  have  th e  dou b le  a d v a n ta g e  o f  
p o s s e s s i n g  an i o n i s e d  brom ine  a tom, on  w h ic h  to  p e r f o r m  
r e s o l u t i o n  e x p e r i m e n t s ,  and o f  b e i n g  e a s i l y  p r e p a r e d  from 
4 : 4 ’ - d i b r o m o - 2 : 2 ’ - d i t o l y l ,  by c o n d e n s a t i o n  w i t h  
p i p e r i d i n e : -  ( c f .  v o n  B ra u n ’ s e x p e r i m e n t s  on  t h e  
c o n d e n s a t i o n  o f  p i p e r i d i n e  w i t h  p e n t s m e t h y l e n e  d ib ro m id e  
(B er ., 1906 , 3 9 .  4348 , 4 3 5 1 ) .
( ^  +• C J- „ N —
.(Lertx —
4- H3r
C o n t r a r y  t o  e x p e c t a t i o n s ,  2 : 2 ’ - d i t o l y l  was n o t  fo u n d  to  
be o b t a i n a b l e  by a  s e r i e s  o f  d im p le  r e a c t i o n s  a t  o r d i n a r y
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p r e s s u r e s ,  e x c e p t  i n  e x t r e m e ly  s m a l l  q u a n t i t i e s .
Compounds o f  t h e  ty p e  ( \___ /  \  (where RsGHg
CJÎ, 
oH  ÔH
and Cg Eg) h o w ev e r ,  were  r e a d i l y  o b t a i n e d ,  and a t t e m p t s  
t o  p r e p a r e  t h e i r  h a l o g e n  d e r i v a t i v e s  l e d  to  some 
i n t e r e s t i n g  r e s u l t s .  The a c t i o n  o f  p h o s p h o ru s  t r i b r o m i d e  
on th e  t e t r a m e t h y l  g l y c o l  was t h a t  o f  d e h y d r a t i o n ,  f o rm in g  
a h y d r o c a r b o n  to  w h ich  f o rm u l a  (2) h a s  b e e n  a s s i g n e d : -
■ OO T  -
O le.,
* * 11 (I
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Even more r e m a rk a b le  was t h e  r e s u l t  t h a t  d ry  h y d ro g e n
c h l o r i d e  gas  had  a s i m i l a r  a c t i o n ,  and th e  same
h y d r o c a r b o n  (2) was fo rm ed .  The h a l o g e n  d e r i v a t i v e s  o f
t h e  t e t r a p h e n y l  g l y c o l  were fo u n d  to  be so e x c e s s i v e l y
r e a c t i v e  t h a t  th e y  c o u l d  n o t  be i s o l a t e d  i n  a  c o n d i t i o n
s u f f i c i e n t l y  s p e c i f i c  f o r  t h e  f i n a l  c o n d e n s a t i o n  w i t h
p i p e r i d i n e .
_______ C P k , CPk.,
The g l y c o l  a n h y d r id e  ^  \ was h e a t e d  u n d e r
p r e s s u r e  f o r  p r o l o n g e d  p e r i o d s  w i t h  p i p e r i d i n e ,  and  was 
r e f l u x e d  c o n t i n u o u s l y  w i t h  p u r e  a n i l i n e ,  b u t  i n  n e i t h e r  
c a s e  d i d  any r e a c t i o n  o c c u r .
S u b s i d i a r y  i n v e s t i g a t i o n s  were  c a r r i e d  o u t  s i m u l t a n e o u s l y
2 2 .
on ô - b r o m o p i p e r o n a l ,  w i t h  t h e  o b j e c t  o f  p r e p a r i n g  th e
d ia l d e h y d e  ^ ^------ \ J  by a  m o d i f i e d  U l lm ann  r e a c t i o n
C tto e « o
w i t h  c o p p e r  b r o n z e ,  ( c f .  S p a th  and K ahove r ,  B e r . , 1924 ,  67, 1511) 
The i s o l a t i o n  o f  t h i s  compound would open  a f e r t i l e  f i e l d  f o r  
g e n e r a l  i n v e s t i g a t i o n ,  a p a r t  f rom th e  f a c t  t h a t  i t  was a 
f e a s i b l e  p r e p a r a t i v e  method i n  t h e  p r e s e n t  schem e .  The 
a c t i o n  o f  c o p p e r  b ro n z e  i n  an  a tm o sp h e re  o f  c a r b o n  d i o x i d e  
w as ,  how ever ,  t o  c a t a l y s e  t h e  a u t o - r e d u c t i o n  o f  t h e  
b r o m o p i p e r o n a l , c u p ro u s  b rom ide  and p i p e r o n a l  b e i n g  fo rm e d .
The r e a c t i o n  seemed to  be c h a r a c t e r i s t i c :  t h e  d e r i v a t i v e
6 - b r o m o p i p e r o n y l i d e n e a n i l i n e  y i e l d e d ,  on  s i m i l a r  t r e a t m e n t ,  
p i p e r o n y l i d e n e a n i l i n e .
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The p o s s i h i l i t y  t h a t  2 : 2 ’ - d i a c e t y l â i p h e n y l  (u sed  i n  
t h e  s y n t h e s i s  o f  (   ^ above)  may, by a n a lo g y
CM e, 
oH OH
w i t h  a c e t o p h e n o n e , u n d e rg o  sm ooth  w - b r o m i n a t i o n  to  
g i v e   ^ s u g g e s t e d  th e  s t u d y  o f  9-membered
ça... CO . .CHtBr OHvîr
s p i r o - c y c l o  d e r i v a t i v e s .
.The 9-membered s p i r o - c y c l o  r i n g  w ould  p ro d u c e  th e  
same s t e r e o c h e m i c a l  e f f e c t  a s  t h e  7-membered r i n g ,  and 
th e  same r e a s o n i n g  as  to  p o s s i b l e  s t a b i l i t y  and asymmetry 
a p p l i e s .  A model o f  th e  s k e l e t o n  s t r u c t u r e  ( ^ ^
c c \ /
shows t h a t  t h e  9-membered r i n g  i s  n o t  o n ly  ^
s t r a i n l e s s ,  b u t ,  h a v i n g  a g r e a t e r  d e g re e  o f  f re ed o m  t h a n  
t h e  7-membered r i n g ,  i t  i s  f l e x i b l e  and c a p a b l e  o f  
o s c i l l a t i n g  b e tw e e n  two p o s i t i o n s .  F i g .  VT (1) 
r e p r e s e n t s  th e  mean p o s i t i o n ,  and s i n c e  i t s  o c c u r r e n c e  i s  
p r o b a b l y  tw ic e  more f r e q u e n t  t h a n  t h a t  o f  any o t h e r  i t  may 
be c a l l e d  th e  n o rm a l  c o n f i g u r a t i o n .  The c h a i n  c a n  s w in g  
downv/ards t o  t h e  l e f t ,  a s  v iew ed  i n  t h e  F i g . ,  t h r o u g h  
p o s i t i o n  (2) to  p o s i t i o n  ( 3 ) ,  and. ca n  s i m i l a r l y  sw in g  








on  t h e  o t h e r  s i d e  o f  th e  m o l e c u l e .  The’ ex t re m e  p o s i t i o n s
(3) and (3*) r e p r e s e n t  i d e n t i c a l  c o n f i g u r a t i o n s ,  no 
i n t e r c o n v e r s i o n  o f  fo rm s i s  i n v o l v e d .  P o s i t i o n  (3) d o e s ,  
how ever ,  r e p r e s e n t  t h e  a r r a n g e m e n t  p r i o r  to  i n t e r c o n v e r s i o n ,  
and from i t  t h e  p r o c e s s  ( o f  r a c é m i s a t i o n )  c a n  he p i c t u r e d ;  
t h e  two c a r b o n  atoms 1 and 5 m ust  p a s s  e a c h  o t h e r  and  t h e  
s p i r o - c y c l o  r i n g  must  u n d e rg o  d i s t o r t i o n  to  t h e  e f f e c t  o f  
b e i n g  t u r n e d  i n s i d e  o u t .  One com ple te  o s c i l l a t i o n  o f  
t h e  s p i r o - c y c l o  c h a i n  a l l o w s  one o f  th e  d i p h e n y l  r i n g s  t o  
r o t a t e  r e l a t i v e l y  t o  th e  o t h e r  t h r o u g h  an  a n g l e  o f  a b o u t  
60^.  The momentum a c q u i r e d  by t h e  r i n g s  may a c c e l e r a t e  
any im p e tu s  i n  t h e  d i r e c t i o n  o f  a  co m p le te  r o t a t i o n ,  so  t h a t  
t h e  9-membered r i n g  compound may be e x p e c t e d  t o  be more 
e a s i l y  r a c e m is e d  t h a n  th e  7-membered o n e .
The model  i n d i c a t e s  t h a t  th e  9-membered r i n g  compound 
would  be s t a b l e ,  and t h i s  s u r m is e  i s  s u p p o r t e d  by t h e  f a c t  
t h a t  an  8 - m e m b e r s d - s p i r o - c y c l o  d e r i v a t i v e  h a s  b e e n  made and 
found  t o  be o p t i c a l l y  s t a b l e .  Kuhn and G - o l d f in g e r ,
(A n n a len ,  1929 ,  470 ,  183) p r e p a r e d  th e  b e n z i l  d e r i v a t i v e  
o f  t h e i r  o p t i c a l l y  a c t i v e  d i a m i n e : -





and found  t h a t  i t  r e t a i n e d  t h e  o p t i c a l  a c t i v i t y .  The 
o b s t a c l e  e f f e c t  o f  o r t h o  s u b s t i t u e n t s  i s  s t i l l  a c t i v e  i n  
t h i s  d e r i v a t i v e ,  and t h e i r  o b s e r v a t i o n  i s  n o t  r e l e v a n t  
t o  t h e  p o i n t  a t  i s s u e ,  e x c e p t  t h a t  i t  shows t h a t  t h e  
s p i r o  c y c lo  c h a i n  i s  s u f f i c i e n t l y  s t a b l e  t o  c a r r y  two 
p h e n y l  n u c l e i , and t h a t  i t s  c o n f i g u r a t i o n  i s  n o n - o o p l a n a r  
( c f .  t h e  c o n d e n s a t i o n  o f  th e  a c t i v e  d iam in e  to  fo rm  an
i n a c t i v e  a n i l  : -  ( )— ( ) w h ich  h a s ,  by i n f e r e n c e ,  a
c o p l a n a r  c o n f i g u r a t i o n .
2 7 .
E x p e r im e n ts  were t h e r e f o r e  c a r r i e d  o u t  on  t h e  
h a l o g é n a t i o n  o f  2 : 2 ' - d i a c e t y l  d i p h e n y l .  D i r e c t  
h r o m i n a t i o n  e i t h e r  i n  g l a c i a l  a c e t i c  a c i d  o r  i n  c h l o r o f o r m  
s o l u t i o n ,  gave an a p p a r e n t l y  homogeneous c r y s t a l l i n e  
p r o d u c t  o f  m .p .  1 3 4 - 1 3 5 ° .  S u b s e q u e n t  a n a l y s i s  showed 
t h a t  t h e  b rom ine  c o n t e n t  was to o  h i g h  f o r  d i b r o m i n a t i o n  
t o  have  o c c u r r e d ,  y e t  to o  low f o r  t r i b r o m i n a t i o n .  The 
p r o d u c t  may have b e e n  a  m i x t u r e  o f  d ib ro m o -  and 
t r i b r o m o -  d e r i v a t i v e s .  A c r e d i b l e  a l t e r n a t i v e  i s  t h a t  
t h e  b r o m i n a t i o n  was c o m p l i c a t e d  by r e p l a c e m e n t  r e a c t i o n s  
o f  t h e  ty p e  d e s c r i b e d  by R o b in s o n ,  O r r  and W i l l i a m s ,  
( J . C . S .  1917 ,  909, 9 4 6 ) .  These a u t h o r s  f i n d  t h a t  b ro m in e  
i n  a c e t i c  a c id  s o l u t i o n  may f i r s t  r e p l a c e  an e n o l  g ro u p  
and t h e n  b r o m in a t e  i n  t h e  u s u a l  way. A p p ly in g  t h i s  t o  
t h e  a c t i o n  on d i a c e t y l  d i p h e n y l  t h e r e  i s  t h e  p o s s i b i l i t y  
o f  t h e  f o l l o w i n g  r e a c t i o n s :
)-c>or àB. U .  CBr. Cgr,
CM,  ( Ul ]  r ji cLi II » I I
The p r e s e n c e ,  o f  t r a c e s  o f  t h e  he xab romo -  de r i  v a t  i  ve w ou ld  
a c c o u n t  f o r  t h e  h i g h  b rom ine  c o n t e n t  o f  th e  p r o d u c t .
2 8 .
D i r e c t  c h l o r i n a t i o n  o f  2 : 2 ' - d i a c e t y l  d i p h e n y l  gave  a  
p r o d u c t  o f  i n d e f i n i t e  m .p .  and v i s i b l y  c o n s i s t i n g  o f  two 
c r y s t a l l i n e  fo rm s ,  w h ic h  c o u l d  n o t  be s e p a r a t e d  by 
f r a c t i o n a l  c r y s t a l l i s a t i o n . «
Time d i d  n o t  a l l o w  t h e s e  c o m p l i c a t i o n s  t o  be  ' 
i n v e s t i g a t e d  and i n  v iew  o f  them e x p e r i m e n t s  had  to  be 
a b a n d o n e d .
—- • r ' ff- '‘•‘I
]■ <r- •' .  -.-4 ^
'Æ', i'
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Thus ,  a l t h o u g h  t h e s e  i n v e s t i g a t i o n s  h av e  
a c h i e v e d  some m easu re  o f  s u c c e s s  and have  l e d  to  some 
i n t e r e s t i n g  r e s u l t s ,  e s p e c i a l l y  i n  t h e  d i t o l y l e n e  g l y c o l  
s e r i e s ,  t h e  s y n t h e s i s  o f  a  s p i r o - c y c l o  d e r i v a t i v e  h a s  n o t  
b e e n  c o m p le t e d .  I t  may be s a i d  t h a t  v a r i o u s  m e th o d s  o f  
a t t a c k  have  b e e n  e x p l o r e d ,  and th e  r e s u l t s  do n o t  i n d i c a t e  
t h a t  f u r t h e r  work a l o n g  th e  same l i n e s  would  be s u f i c e s s f u l  
I t  seems t h a t  t h e  s p i r o - c y c l o  sy s te m  i s  n o t  e a s y  t o  fo rm ,  
and t h e r e  a p p e a r s  t o  be  need  f o r  a g r e a t  d e a l  o f  
e x p l o r a t o r y  work i n  o r d e r  t o  d e t e r m i n e  t h e  p r o p e r t i e s  
p e c u l i a r  t o  r e a c t i v e  2 : 2 ‘ - s u b s t i t u e n t s  t h e m s e l v e s  i n  t h e  
d i p h e n y l  m o l e c u l e ,  and p o s s i b l y  to  deduce  a  g e n e r a l  
r e a c t i o n  f o r  t h e  s y n t h e s i s  o f  s p i r o - c y c l o  compounds 
b e f o r e  t h e i r  d e t a i l e d  s t r u c t u r e  c a n  be e l u c i d a t e d  
s t e r e o c h e m i c a l l y .
3 0 .
SCHELîES ü'OE THE SYETHESIS CE HETEHO-SPIKO-CYCIiO DERIVATIVES
CE DIPHEEYI.
A. 7-lISMBERSD S PIrO - üYCLO EIHG GOlüPOüMDS.
I t  was a n t i c i p a t e d  t h a t  t h e s e  c o u l d  he p r e p a r e d  f rom  
h a l o g e n  d e r i v a t i v e s  o f  £ : 2 ‘ - d i t o l y l ,  o r  i t s  a n a l o g u e s ,  
hy i n t e r a c t i o n  w i t h  a s e c o n d a r y  h a s e ,  e . g .  p i p e r i d i n e
CZ}—(ZD + C^Z




O ). CH,^ /CJi^
1 .  2 ; 2 ' - D i t o l y l  D e r i v a t i v e s
(E-H i n  E q u a t i o n  I ) .
K en n e r  and T u r n e r  ( J . C . S .  1 9 1 1 ,  2101) p r e p a r e d  
w:w‘ - d i h r o m o - 2 : 2 ' - d i t o l y l  hy t h e  d i r e c t  h r o m i n a t i o n  o f  
d i t o l y l ,  w h ic h  t h e y  o b t a i n e d  hy h e a t i n g  o -  i o d o t o l u e n e
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w i t h  c o p p e r  h ro n z e  i n  a  s e a l e d  tu h e  a t  2100 f o r  8 h o u r s .  
I n  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s  i t  was d e s i r e d  to  
e l i m i n a t e  s e a l e d  tu h e  work a s  much a s  p o s s i b l e ,  and a  
s e r i e s  o f  s i m p l e ,  s t r a i g h t f o r w a r d  r e a c t i o n s  w h ich  would  
g iv e  good y i e l d s  o f  d i h r o m o - d i t o l y l  seemed p r e f e r a b l e . 
S e v e r a l  s u c h  schemes w ere  p l a n n e d ,  f i v e  o f  t h e s e  have  
b e e n  i n v e s t i g a t e d .
T From o . - -n i t ro b en zy l  p h e n y l  e t h e r : -




T h i s  scheme was c a r r i e d  a s  f a r  a s  s t a g e  (c) when i t  
was fo u n d  t h a t  t h e  d ia z o  s a l t ,  Q T T O  ’ n o t  r e a c t  
w i t h  an  aqueous  s o l u t i o n  o f  p o t a s s i u m  i o d i d e  i n  t h e  u s u a l  
way, b u t  fo rm ed  i n s t e a d  a  h i g h l y - c o l o u r e d  compound, 
p r o b a b l y  o f  t h e  t y p e
o r  p o s s i b l y
R e a c t i o n s  w i t h  c o r r e s p o n d i n g  p, compounds were a l s o  s t u d i e d
3 2 .
i n  o r d e r  to  o b t a i n  e x p e r i e n c e  o f  t h e  r e a c t i o n s  i n v o l v e d .  
£ -A m inobenzy l  p h e n y l  e t h e r  p r o v e d  d i f f i c u l t  to  i s o l a t e  on  
a c c o u n t  o f  i t s  e x t rem e  r e a c t i v i t y  and l i g h t - s e n s i t i v e n e s s . 
Kumpf & F i s c h e  ( A n n a l e n ,1862 ,  224, 1 0 6 ,  153) commented on  i t s  
e x c e s s i v e  r e a c t i v i t y  and c o n c lu d e d  t h a t  a t t e m p t s  t o  r e d u c e  
£ - n i t r o b e n z y l  p h e n y l  e t h e r  were  f u t i l e .  An e x p l a n a t i o n  does  
n o t  seem t o  be f o r t h c o m i n g  i n  t e rm s  o f  e l e c t r o n i c  e f f e c t s .
I n  t h e  n i t r o  e t h e r  t h e r e  a r e  o p p o s in g  e l e c t r o n  d i s p l a c e m e n t s  
w h ic h ,  b e i n g  s i t u a t e d  a t  o p p o s i t e  en d s  o f  t h e  m o l e c u l e ,  may 
be c a p a b l e  o f  b a l a n c e : -
^ n (  )---o ^
o
I n  t h e  amino compound, t h e  e l e c t r o n  d i s p l a c e m e n t s  a r e  i n  t h e  
same d i r e c t i o n ,  m aking  th e  n i t r o g e n  e x c e s s i v e l y  p o s i t i v e ,
i . e .  s t a b l e  t o  o x i d a t i o n : -
N y—C H . - o -
TL From o - n i t r o b e n z y l  b e n z o a t e : -
 > (  ) N H ,




A t s t a g e  i t )  i t  was a n t i c i p a t e d  t h e o r e t i c a l l y  t h a t  t h e  
p r e s e n c e  o f  t h e  c a r b o n y l  ( - 0 0 - )  l i n k  m ig h t  h av e  some 
d e a c t i v a t i n g  e f f e c t  on  t h e  l a b i l i t y  o f  t h e  p h e n y l  n u c l e u s ,  
and t h a t  t h e  d i a z o  s a l t  s h o u l d ,  i n  c o n s e q u e n c e ,  be 
s u f f i c i e n t l y  s t a b l e  to  form t h e  iodo  d e r i v a t i v e  ( c ) . I n  
p r a c t i c e  i t  was found  t h a t  a  c o l o u r e d  p r e c i p i t a t e  was a g a i n  
fo rm e d ,  and no iodo  compound c o u ld  be d e t e c t e d  among th e  
p r o d u c t s  o f  r e a c t i o n .
T h i s  r e s u l t  i s  i n  ag ree m en t  w i t h  t h e  o b s e r v a t i o n  made by 
P a a l  & Bodewig (B e r .  1 8 9 2 ,  25 ,  2965) t h a t  o_-aminobenzyl 
b e n z o a t e  i s  r e a c t i v e ,  and  r e a d i l y  fo rm s  i n t r a - m o l e c u l a r  
d e r i v a t i v e s  o f  t h e  t y p e ; -
- CH^o-ooPk
------- =■? I -h MzO





I n  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  s m a l l  amounts  o f  t h e  
io d ù  compound (c)  were o b t a i n e d ,  b u t  n o t  i n  s u f f i c i e n t l y
3 4 .
good y i e l d  to  j u s t i f y  a d o p t i o n  o f  t h e  scheme u n m o d i f i e d .  
R e i s s e r t  & Cram er ,  { B e r . ,  1928 ,  61B, 2555) have  s t a t e d  t h a t  
t h e  d ia z o n iu m  c h l o r i d e  o f  o_ am in o h en z y l  a l c o h o l  i s  e x t r e m e l y  
l a b i l e  and decomposes c o m p l e t e l y  i n  ÏÏC1 s o l u t i o n  i n  1 h o u r  
a t  0^ •
The r e p l a c e m e n t  o f  P h e n y l  by h y d r o g e n  p ro d u c e d  an  
e f f e c t  i n  t h e  r i g h t  d i r e c t i o n ,  and a l t h o u g h  t h i s  r e s u l t  
seemed to  i n d i c a t e  t h e  d i r e c t i o n  i n  w h ic h  f u r t h e r  a t t e m p t s  
s h o u l d  be made to  r e d u c e  t h e  l a b i l i t y  o f  t h e  s y s t e m  
^ , t h e s e  h a d  to  be p o s t p o n e d  owing to
d e r m a t i t i c  p r o p e r t i e s  o f  c h e m ic a l s  u s e d ,  t h e  w o rk e r s  b e i n g  
i n  d a n g e r  o f  becom ing  s u p e r - s e n s i t i s e d .
W  From o - i o d o t o l u e n e  (a)  TJllmann m e thod .
I
CH3 )CH, CM.
U nder  o r d i n a r y  c o n d i t i o n s  t h e  c o n v e r s i o n  o f  £  i o d o t o l u e n e  
i n t o  d i t o l y l  was u n s a t i s f a c t o r y ,  p r e s u m a b ly  owing to  t h e  
low b o i l i n g  p o i n t  (204°)  o f  t h e  f o r m e r .  I n c r e a s e  o f  p r e s s u r e  
im proved  t h e  y i e l d  s l i g h t l y  (Kenner^ s m ethod)  b u t  i t  was 
d e s i r e d  to  e l i m i n a t e  t e d i o u s  work as  f a r  as  p o s s i b l e .
A t t e m p t s  t o  r a i s e  t h e  b o i l i n g  p o i n t  by p h y s i c a l  a d m ix tu r e  
w i t h  a  n o n - r e a c t i n g ,  e a s i l y  r e c o v e r a b l e  s u b s t a n c e  o f  h i g h
3 5 .
b o i l i n g  p o i n t  ( e . g .  d i n i t r o b e n z e n e ,  n a p t h a l e n e )  d i d  n o t  
g i v e  good r e s u l t s .
(b)  G r i g n a r d  m e th o d .
CD- —' CD""' —' CZMZD —' ( M )
‘ ^ 3  CH3 CH.'S.
The G r i g n a r d  compound { r e a c t e d  o n ly
i n c o m p l e t e l y  w i t h  chrom ic  c h l o r i d e  ( B e n n e t t  & T u r n e r  
J . C . S .  1914, 1 0 5 , 1057) and t h e  p r o d u c t  was c o n s e q u e n t l y  
d i f f i c u l t  to  work u p .  S i m i l a r  r e s u l t s  were  o b t a i n e d  by 
t r e a t i n g  th e  G r i g n a r d  r e a g e n t  w i t h  c u p r i c  c h l o r i d e  
(T u r n e r  & K rizew sky  ( J . C . S .  1919 ,  5 5 9 ) .  T h i s  scheme h a s  so 
f a r  b e e n  u s e d  o n ly  f o r  t h e  p r e p a r a t i o n  o f  s m a l l  q u a n t i t i e s  
o f  d i t o l y l .
V . From 4 - n i t r o - o - t o l u i d i n e : -
NO,. m - i  tMov A/0,
CD~CD ' CD CD
CH.3. CW.3. CH-J c «3
T h is  scheme was d e v i s e d  a s  a n  a t t e m p t  to o b v i a t e  t h e  
d i f f i c u l t y  (compare TVa) o f  p r e p a r i n g  2 : 2 * - d i t o l y l  d i r e c t l y  
by th e  U l lm ann  m e thod .  2 - i o d o - 4 - n i t r o t o l u e n e  b o i l s  above 
2 5 0 ° ,  and t h e  c o n v e r s i o n  i n t o  5 : 5 ’ - d i n i t r o d i t o l y l  was fo u n d
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t o  p r o c e e d  s a t i s f a c t o r i l y  a t  2 1 0 - 2 2 0 ° .  R e d u c t i o n  o f  t h e  
d i n i t r o - d i t o l y l  was e f f e c t e d  i n  two a t t e m p t s  made,  and 
5 : 5 * - d i a m i n o - 2 : 2 * - d i t o l y l  i s o l a t e d .  O t h e r  p r o d u c t s  were
a l s o  fo rm ed ,  i n c l u d i n g  th e  n i t r o - a m i n o  b o d y ,  (  )—{  )
and t h e  y i e l d  o f  p u r e  b a s e  was n o t  s u f f i c i e n t  f o r  t h e  
scheme to  be a  f e a s i b l e  p r e p a r a t i v e  m e thod .
3 7 .
2 . w;w* - T e t r a m e t h y l - 2 : 2 *  - d i t o l y l  D e r i v a t i v e s  .
i n  E q u a t i o n  I )
I n  t h i s  s e r i e s  t h e  h a l o g e n  d e r i v a t i v e  was t o  he 
p r e p a r e d  f rom  t h e  g l y c o l : -
— .3 , :  '   5
CNtv CM,, ote^
I ! 4  4
OH OH
W ith  a  v ie w  t o  d e c i d i n g  t h e  b e s t  m ethod o f  p r e p a r a t i o n  
o f  t h e  g l y c o l  i t s e l f ,  t h e  a c t i o n  o f  m e th y l  magnesium i o d i d e
on t h e  s e r i e s   ^  ^ 69 (  ^   ^ 6'"9 (  W  )
?  ?  ^  CO CO
^  CJ ONe. CMt ’ '
M e  M e
was f i r s t  i n v e s t i g a t e d .  From t h e  a c i d  c h l o r i d e ,  ( i )  a  
s e m i - c r y s t a l l i n e  p r o d u c t  was o b t a i n e d  w h ic h ,  by f r a c t i o n a l  
c r y s t a l l i s a t i o n  f rom l i g h t  p e t r o l e u m  b . p .  8 0 - 1 0 0 ° ,  gave  two 
p r o d u c t s .  The more s o l u b l e  (A) c r y s t a l l i s e d  i n  p r i s m s  and 
h a d  a  f i n a l  m .p .  o f  1 3 8 - 1 3 9 ° ,  and p r o v e d  to  be t h e
o#' CTH
(  I
g l y c o l  ( ^ ) ; t h e  l e s s  s o l u b l e  (B) c r y s t a l l i s e d  i n
n e e d le s ' ,  m e l t e d  a t  1 6 4 -165°  and was i d e n t i f i e d  a s  t h e
H I
 O le
a l c o h o l - k e t o n e
3 8 .
The m e l t i n g  p o i n t s  i n  t h i s  s e r i e s  show a c u r i o u s  
i r r e g u l a r i t y  w h ich  i s  w o r th y  o f  n o te
d i a c e t y l  d i p h e n y l  ( \------( \ m .p .  9 3 - 9 4 ° .  (Z in ck e  and
'------( V----- ^  T ro p p ,  A n n a le n  1 9 08 ,  362 ,  305 ,
g i v e  m .p .  8 3 ° ) .
o  o
a l c o h o l - k e t o n e  (------ )----- ( > m .p .  1 6 4 -1 6 5 °
»i /
O CTH
g l y c o l  (------ )---- ( ) m . p . 1 3 8 - 1 3 9 ° .
CNt, C N t,
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I n  t h e  r e a c t i o n  w i t h  d i a c e t y l  d i p h e n y l  ( i i i )  l a r g e  c o l o u r l e s s  
p r i s m s  s e p a r a t e d  from th e  e t h e r  e x t r a c t  o f  t h e  G r i g n a r d  
p r o d u c t s ,  and t h e s e  p r o v e d  t o  he a  p u r e  sp e c im e n  o f  t h e  
g l y c o l ,  m .p .  1 3 8 - 1 3 9 ° .  The whole o f  t h e  p r o d u c t  d i s s o l v e d  
r e a d i l y  i n  60 -80°  l i g h t  p e t r o l e u m ,  and no t r a c e  o f  t h e  
a l c o h o l - k e t o n e  c o u l d  he d e t e c t e d .  The r e a c t i o n  was c l e a n  
and  s t r a i g h t f o r w a r d ,  and was a f t e r w a r d s  u s e d  f o r  t h e  
p r e p a r a t i o n  o f  l a r g e  q u a n t i t i e s  o f  t h e  g l y c o l ,  g i v i n g  a  60^ 1» 
y i e l d  o f  p u re  p r o d u c t .  From t h e  e s t e r ,  d i m e t h y l  d i p h e n a t e  ( i i )  
a  f a i r l y  p u re  s p e c im e n  o f  t h e  g l y c o l  was o b t a i n e d  i f  t h e  
e t h e r  e x t r a c t  was p r e v i o u s l y  w ashed  w i t h  c a u s t i c  s o d a .  T h i s  
w ash in g  removed a b y e - p r o d u c t ,  p r o b a b l y  t h e  l a c t o n e ,  w h ich  
was p r e s e n t  i n  c o n s i d e r a b l e  am ount.  The ^ f i n a l  y i e l d  o f  
g l y c o l  was 45j^ o f  t h e  t h e o r e t i c a l .
The a l c o h o l - k e t o n e  o b t a i n e d  from  t h e  d i c h l o r i d e  o f  d i p h e n i c
\
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a c i d  was n o t  r e a d i l y  c o n v e r t e d  i n t o  t h e  g l y c o l .  A f t e r  
r e f l u x i n g  w i t h  a  l a r g e  e x c e s s  o f  G r i g n a r d  r e a g e n t  f o r  s i x  
h o u r s  o n ly  a  lO^i c o n v e r s i o n  o c c u r r e d .  I t  m us t  he i n f e r r e d  
t h a t  t h e  a l c o h o l - k e t o n e ,  once fo rm e d ,  i s  e x t r e m e l y  s t a b l e , 
and t h e  i n c o m p l e t e  r e p l a c e m e n t  i n  t h e  o r i g i n a l  r e a c t i o n  
(CICO. G ^ E ^ -0 6 % .0 0 0 1  -fGHg^Igl) i s  n o t  due to  an  i n h i b i t i n g  
e f f e c t  o r  to  any s i d e  r e a c t i o n s  c o n n e c t e d  w i t h  t h e  p r e s e n c e  
o f  t h e  a c i d  c h l o r i d e .  I t  i s  c u r i o u s  t h a t  no a l c o h o l - k e t o n e  
c o u ld  be o b t a i n e d  e i t h e r  f rom  d i a c e t y l  d i p h e n y l  o r  f rom  
d i m e t h y l  d i p h e n a t e .
P h o s p h o ru s  t r i b r o m i d e  h ad  an  im m ed ia te  a c t i o n  on  t h e  
g l y c o l ,  w h ich  was co m p le te  i n  f i v e  m i n u t e s  a t  4 0 ^ .  The 
p r o d u c t  c r y s t a l l i s e d  from  l i g h t  p e t r o l e u m  b . p .  40 -6 0 ^  i n  
r e c t a n g u l a r  p r i s m s ,  m .p .  9 6 - 9 7 ° .  I t  c o n t a i n e d  n e i t h e r
h a l o g e n  n o r  oxygen  and was g i v e n  th e  f o r m u l a  (  ^ ^  )  .
CNt O t c
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E q u a t i o n  11^  t h e r e f o r e  t a k e s  t h e  c o r r e c t e d  f o r m : -
 ^CZD~CD ^
CWt, CNt, CNt
I I " I,CM cni CM^ cJt;.
A m i x t u r e  o f  p h o s p h o ru s  t r i b r o m i d e  and p e n t a b r o m id e  h a d  t h e  
same e f f e c t  as  t h e  t r i b r o m i d e  a l o n e .
P h o s p h o ru s  t r i b r o m i d e  i n  c h l o r o f o r m  s o l u t i o n  gave  b a c k  t h e  
g l y c o l .
4 0 .
P u r e ,  d ry  h y d ro g e n  c h l o r i d e  g as  was p a s s e d  c a r e f u l l y  
o v e r  t h e  m o l t e n  g l y c o l  ( 1 5 0 ° ) ,  p r e c a u t i o n s  b e i n g  t a k e n  t o  
e x c lu d e  a l l  m o i s t u r e  f rom t h e  a p p a r a t u s  and t o  remove any 
w a t e r  fo rm ed  from  t h e  r e a c t i o n  m i x t u r e . The e s t a b l i s h m e n t  
o f  an  e q u i l i b r i u m
4-
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was assum ed ,  and t h e  g a s  was p a s s e d  f o r  t h r e e  o r  f o u r  h o u r s  
i n  a n  a t t e m p t  t o  d i s p l a c e  t h e  e q u i l i b r i u m  as  f a r  t o  t h e  
r i g h t  a s  p o s s i b l e . The ECl g a s  was sw ep t  o u t  by a  c u r r e n t  
o f  n i t r o g e n ,  and t h e  p r o d u c t  e x t r a c t e d  w i t h  d r y ,  b o i l i n g  
l i g h t  p e t r o l e u m ,  b . p .  8 0 - 1 0 0 ° .  C o n c e n t r a t i o n  o f  t h e  
s o l u t i o n  f o l l o w e d  by p r e c i p i t a t i o n  w i t h  d r y ,  l i g h t  
p e t r o l e u m ,  b . p .  4 0 - 6 0 ° ,  gave p r i s m s ,  m .p .  96 -97°  i d e n t i c a l  
w i t h  t h o s e  o b t a i n e d  by t h e  a c t i o n  o f  p h o s p h o ru s  t r i b r o m i d e . 
E q u a t i o n  I I I  t h e r e f o r e  becomes
I I  II II
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C o r r e s p o n d in g  e x p e r i m e n t s  were c a r r i e d  o u t  on t h e  
a l c o h o l - k e t o n e .  P h o s p h o ru s  t r i b r o m i d e  r e a c t e d  i m m e d i a t e l y ,  
b u t  t h e  p r o d u c t  was h y d r o l y s e d  d u r i n g  e t h e r - e x t r a c t i o n ,  and 




to  t h a t  o f  t h e  g l y c o l  w ould  g i v e  ( (2 ^   ^ , b u t  t h i s
CMt
O H r
c o u l d  h a r d l y  be e x p e c t e d  to  u n dergo  h y d r o l y s i s  w i t h  w e t  
e t h e r .  More p r o b a b l y  a  h a l o g e n  d e r i v a t i v e  was fo rm e d .  
Dry h y d r o g e n  c h l o r i d e  g as  gave a  p r o d u c t  w h ich  c o u l d  o n ly  
be c r y s t a l l i s e d  from  a l c o h o l / c o n e . HCl.  I t  t h e n  m e l t e d  
a t  6 4 - 6 5 ° ,  b u t  c o n t a i n e d  o n ly  4fô o f  c h l o r i n e .
3 .  w ; w * - T e t r a p h e n y l - 2 ; 2 * - d i t o l y l  D e r i v a t i v e s .
(R=O^Eg i n  E q u a t i o n  I )
E x p e r im e n t s  p a r a l l e l  t o  t h o s e  i n  t h e  t e t r a m e t h y l
s e r i e s  were  c a r r i e d  o u t  w i t h  th e  t e t r a p h e n y l  g l y c o l ,  ( j ^ ^
CJPk,. CJPUa 
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w h ich  h ad  b e e n  p r e p a r e d  by T s c h i t s c h i b a b i n  and S s e r g e j e f f  
( B e r . ,  1926 ,  59 ,  6 5 4 ) .
P h o s p h o ru s  t r i b r o m i d e  r e a c t e d  w i t h  t h e  g l y c o l  t o  g i v e  a  
s o l i d  p r o d u c t ,  s t a b l e  to  i c e - w a t e r .  T h i s  d r i e d  a s  w h i t e ,  
h y g r o s c o p i c  g r a n u l e s ,  w h ich  c o n t a i n e d  b r o m in e .  On 
a t t e m p t i n g  t o  o b t a i n  i t  i n  a c r y s t a l l i n e  c o n d i t i o n ,  h o w ev e r ,  
h y d r o l y s i s  i n v a r i a b l y  o c c u r r e d .  F o r  exam ple ,  i t  d i s s o l v e d  
s p a r i n g l y  i n  A .R .  a c e t o n e ,  b u t  a f t e r  two m in u t e s  s t a n d i n g  i n  
a i r  i t  d i s s o l v e d  r e a d i l y ,  and r em o v a l  o f  t h e  s o l v e n t  l e f t  
t h e  g l y c o l .  T h is  b e h a v i o u r  c a n  o n ly  be a c c o u n t e d  f o r  by 
a s su m in g  t h a t  t h e  b r o m o - d e r i v a t i v e  (1) i s  a lm o s t  c o m p l e t e l y
4 2 .
i n s o l u b l e  i n  w a t e r  a t  0 ° ,  and (2) fo rm s a  h i g h l y  h y g r o s c o p i c  
s o l u t i o n  i n  most o f  t h e  common s o l v e n t s .  As a  s i d e - t r a c k  
e x p e r i m e n t ,  t h e  c r u d e  p r o d u c t  was r e f l u x e d  w i t h  p u r e ,  d ry  
d i m e t h y l  a n i l i n e  i n  d ry  benzene  s o l u t i o n .  On c o o l i n g ,  no 
c r y s t a l s  s e p a r a t e d  and no s o l i d  m a t e r i a l  co u ld  be  o b t a i n e d  
from t h e  s o l u t i o n .
The t e t r a p h e n y l  g l y c o l  m e l t s  a t  2 5 2 ° ,  so t h e  e f f e c t  o f  
d ry  h y d r o g e n  c h l o r i d e  on t h e  m o l t e n  m a t e r i a l  was n o t  
i n v e s t i g a t e d .  I n  a c e t i c  a c i d  s o l u t i o n  a t  1 7 0 ° ,  no r e a c t i o n  
o c c u r r e d .  I t s  p r o n e n e s s  t o  a t t a c k  by p h o s p h o ru s  t r i b r o m i d e  
l e d  t o  s p e c u l a t i o n  on th e  p o s s i b i l i t y  o f  t h e  g l y c o l  r e a c t i n g  
d i r e c t l y ,  i n  t h e  form o f  i t s  a n h y d r i d e ,  w i t h  p i p e r i d i n e
OH
CPk^
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A f t e r  h e a t i n g  u n d e r  p r e s s u r e  a t  120° f o r  s i x  h o u r s , h o w ev e r ,  
no change  was o b s e r v e d ,  2 «3 g .  o f  g l y c o l  a n h y d r id e  b e i n g  
r e c o v e r e d  f rom 2*5 g .  o f  s t a r t i n g  m a t e r i a l .
I t  was a p p a r e n t  t h a t  t h e  i s o l a t i o n  o f  h a l o g e n
d e r i v a t i v e s  o f  th e  ty p e  ( ) r e q u i r e d  s p e c i a l i s e d
X k
t e c h n i q u e ,  and t im e  d i d  n o t  a l l o w  f u r t h e r  i n v e s t i g a t i o n .
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E x p e r im e n t s  on ô-Bromo-pj-peronal.
S p a th  and Kahover  ( B e r . ,  1924 ,  67, 1511) o b t a i n e d  
6 - p h e n y l p i p e r o n a l  by t h e  a c t i o n  o f  c o p p e r  b r o n z e  on  
io d o b e n zen e  and 6 - b r o m o p i p e r o n a l . A c o r r e s p o n d i n g  p r o c e s s  
co u ld  n o t  be t r a c e d  i n  t h e  a c t i o n  o f  c o p p e r  b r o n z e ,  i n  a n  
a tm o sp h e re  o f  c a r b o n  d i o x i d e ,  on 6 - b ro m o p i p e r o n a l  a l o n e .
At 220° no r e a c t i o n  o c c u r r e d ,  t h e  b r o m o p ip e r o n a l  b e i n g  
r e c o v e r e d  u n c h a n g e d .  A t  240° t h e r e  was i n d i c a t i o n  o f  some 
r e a c t i o n ,  a d e p o s i t  o f  cu p ro u s  b rom ide  c o l l e c t e d  on  t h e  
s u r f a c e ,  and a f t e r  f i v e  m in u t e s  ( b a t h  a t  240°)  t h e  
t e m p e r a t u r e  r o s e  r a p i d l y  to  2 8 0 ° ,  t h e  whole m i x t u r e  
b l a c k e n e d  and a p p e a r e d  to  b o i l .  The p r o d u c t  was e x t r a c t e d  
w i t h  b i s u l p h i t e  s o l u t i o n  and t h e  o n ly  a ld e h y d e  p r e s e n t  was 
p i p e r o n a l .
A t t e m p t s  were  t h e n  made to  d e t e r m in e  w h ich  p a r t  o f  t h e  
m o le c u l e  was r e s p o n s i b l e  f o r  t h e  anom alous  b e h a v i o u r . 
P r o t e c t i o n  o f  t h e  a ld e h y d e  g roup  d i d  n o t  a f f e c t  t h e  r e s u l t ,  
6 - b r o m o p i p e r o n y l i d e n e a n i l i n e  y i e l d e d ,  u n d e r  s i m i l a r  
c o n d i t i o n s  p i p e r o n y l i d e n e a n i l i n e . The d i a c e t a t e  o f  
b r o m o p ip e r o n a l  c o u ld  n o t  be made by t h e  u s u a l  m e th o d s ,  a  
compound h a v i n g  a c e t i c  a c id  o f  c r y s t a l l i s a t i o n  b e i n g  
a lw ay s  fo rm e d .  I t  was c o n c lu d e d  t h a t  a u t o - r e d u c t i o n  i n  t h e  
p r e s e n c e  o f  c o p p e r  b ro n z e  m ust  be a  p r o p e r t y  i n d u c e d  i n  t h e
s y s te m  o ,  by th e  m e th y le n e  o x id e  g r o u p i n g .■no
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T hese  a r e  t h e o r e t i c a l l y  o h t a i n a h l e  from 
w ;w * -d ih ro m o -S :2 ’ - d i a c e t y l d i p h e n y l : -
- C o  -
C O -
-> cw, 4- M3'
I t  was i n t e n d e d  (hy a n a lo g y  w i t h  t h e  p r e p a r a t i o n  o f  
p h e n a c y l  b ro m id e )  t o  o b t a i n  t h e  d i b r o m o - d e r i v a t i v e  by t h e  
d i r e c t  b r o m i n a t i o n  o f  d i a c e t y l d i p h e n y l ,  w h ich  was 
c o n v e n i e n t l y  p r e p a r e d  f rom  p h e n a n t h r e n e : -
CJ-I
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The p r o d u c t  o b t a i n e d  had  m e l t i n g  p o i n t  93-94^  (Z in ck e  & Tropp 
gave m e l t i n g  p o i n t  o f  d i a c e t y l d i p h e n y l  83 ^ ,  A n n a le n  1 9 0 8 ,
3 6 2 . 3 0 5 ) .  The m e l t i n g  p o i n t  o f  t h e  b i s - n h e n v l h v d ra z o n e  
a g r e e d  w i t h  t h a t  g i v e n  i n  th e  l i t e r a t u r e .  On b r o m i n a t i o n ,  
t h e  d i a c e t y l d i p h e n y l  gave a c r y s t a l l i n e  compound o f  c o n s t a n t  
m e l t i n g  p o i n t  which  a n a l y s i s  showed t o  h av e  a h i g h e r  b rom ine  
c o n t e n t  t h a n  t h a t  r e q u i r e d  by t h e  d i b r o m o - d e r i v a t i v e .
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I t  was i n f e r r e d  t h a t  t h e  r e a c t i o n  was c o m p l i c a t e d  hy 
" r e p l a c e m e n t "  o f  t h e  e n o l  g roup  and t h a t  s e v e r a l  h i g h e r  
h r o m o - d e r i v a t i v e s  were  p r o b a b l y  p r e s e n t ,  ( c f .  R o b in s o n ,  O r r  & 
W i l l i a m s ,  J . C . S . ,  1 9 17 ,  909, 9 4 6 ) .
E z p e r im e n t s  on  t h e  c h l o r i n a t i o n  o f  d i a c e t y l d i p h e n y l  were  
s t a r t e d  w i t h  a  t w o f o ld  o b j e c t : -  ( a )  t o  o b t a i n  f u r t h e r  
e v i d e n c e  o f  th e  e x t e n t  o f  h a l o g é n a t i o n .  (b) t o  t e s t  t h e  
p o s s i b i l i t y  o f  o b t a i n i n g  th e  d i - i o d o - d e r i v a t i v e  f rom  t h e  
d i c h l o r o - d é r i v â t i v e .
The p r o d u c t  o b t a i n e d  was a  m ix t u r e  o f  c h l o r o - d e r i v a t i v e s .
4 6 .
I I .  THE IRFI,UEEC2 OF POLAR EFFSCTS OR THE OPTICAL STABIXITY 
OF 2 : 2 ' -DISUBSTITUTED BIPHEHYL3.
The i m p o r t a n c e  o f  e l e c t r i c a l  p r o p e r t i e s  i n  
d e t e r m i n i n g  t h e  o b s t a c l e  e f f e c t  o f  o r t h o  s u b s t i t u e n t s  i n  
t h e  d i p h e n y l  m o le c u l e  h a s  a l r e a d y  b e e n  m e n t io n e d  (p 9 ab o v e )  .
The s t u d y  o f  o t h e r  compounds h a s  shown t h a t ,  i n  
g e n e r a l ,  u n l i n k e d  a to m s ,  w h e t h e r  i n  d i f f e r e n t  m o l e c u l e s  o r  
i n  d i f f e r e n t  p a r t s  o f  t h e  same m o l e c u l e ,  e x e r t  a  more 
e f f e c t i v e  e l e c t r o s t a t i c  r e p u l s i o n  u p o n  e a c h  o t h e r  t h a n  do 
l i n k e d  a t o m s .  I f  by " a to m ic  d i a m e t e r "  i s  m ean t  t h e  
i n t e r n u c l e a r  d i s t a n c e s  o f  ( l i n k e d )  a tom s i n  a s o l i d  compound, 
t h i s  r e p u l s i o n  w i l l  h ave  t h e  e f f e c t  o f  i n c r e a s i n g  t h e  a t o m ic  
v o lu m e .  I t  w ou ld  h av e  b e e n  i d e a l  i f  one c o u ld  h av e  d e f i n e d  
" a t o m i c  d i a m e t e r "  a s  t h e  i n t e r n u c l e a r  d i s t a n c e  o f  u n l i n k e d  
hom ogeneous  a toms l e s s  t h e  minimum i n t e r a t o m i c  d i s t a n c e ,  b u t  
com bined  a tom s  were  t h e  f i r s t  t o  be  m e a s u r e d  and t h e  t e r m  h a s  
b e e n  a p p l i e d  t o  them .  M e asu rem en ts  o f  i n t e r m o l e c u l a r  • 
d i s t a n c e s  h a v e  b e e n  made i n  t h e  s o l i d  s t a t e  by S .  B. H e n d r i c k s ,  
( J . A m e r . S o c . ,  1 9 2 8 ,  4 8 ,  3007 ;  Chem. R e v ie w s ,  1 9 3 0 ,  H o .4) and  
i n  t h e  v a p o u r  s t a t e  by W i e r l  ( P h y s i k .  2 . ,  1 9 3 0 ,  31 ,  3 6 6 ,  1028 ;
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Ann. P h y s i k ,  1931 ,  8 , 5 2 1 ) .  The r e s u l t s ,  a s  i n t e r p r e t e d  
hy E . V . S id g w ic k  (George F i s h e r  B a k e r  E o n - R e s i d e n t  
L e c t u r e s h i p  i n  C h e m is t r y ,  C o r n e l l  U n i v e r s i t y ,  V o l . I I  n .232)  
i n d i c a t e  t h a t  th e  i n c r e a s e  i n  d i a m e t e r  due to  e l e c t r i c a l  
r e p u l s i o n  -  t h e  d i f f e r e n c e  b e tw e e n  i n t e r n u c l e a r  d i s t a n c e s
0
f o r  l i n k e d  and u n l i n k e d  a toms -  may be  o f  t h e  o r d e r  o f  1 A.
T h i s  v a l u e  i s  a n  a v e ra g e  one and t h e r e f o r e  a p p r o x i m a t e .
I n  a p p l y i n g  c a l c u l a t i o n s  to  t h e  d i p h e n y l  m o l e c u l e ,
a l lo w a n c e  m ust  be made f o r  th e  f a c t  t h a t  o r t h o  s u b s t i t u e n t s
a r e  n o t  co m p arab le  to  " u n l i n k e d "  a to m s ,  b e i n g  i n d i r e c t l y
a t t a c h e d  t h r o u g h  a s y s te m  w hich  t e n d s  to  f o r c e  t h e i r
a p p r o a c h :  t h e i r  e f f e c t i v e  vo lum es  must l i e  somewhere
b e tw e e n  th e  l i m i t s  s e t  f o r  l i n k e d  and u n l i n k e d  a to m s .  T h is
would be  i n  a g ree m en t  w i t h  th e  l i m i t s  s e t  by e x p e r i m e n t a l
CJ*! N«2 F CH^
r e s u l t s  ( e . g .  t h e  l i n k e d  v a lu e s  i n d i c a t e  t h a t  ^  V— \  
s h o u l d  n o t  be r e s o l v a b l e ,  and i t  i s  ( l o c . c i t . ) ;  t h e  u n -
O  F F____
l i n k e d  v a l u e s  a r e  s a i d  t o  i n d i c a t e  t h a t  /  ^ ^  \
F F
s h o u l d  be r e s o l v a b l e ,  and i t  i s  n o t .  ( K l e i d e r e r  & Adams,
J .  Amer. S o c . ,  1933 ,  53 ,  4 2 1 9 ) .
A p p ly in g  th e  r e s u l t s  to  c o n s t i t u e n t  p a r t s  o f  t h e  same 
m o le c u le  S id g w ick  h a s  c i t e d  th e  T h o r p e - I n g o l d  e f f e c t  as  
e v i d e n c e  o f  i n t e r a t o m i c  r e p u l s i o n .  F o r  ex am p le ,  t h e  
C l -C l  d i s t a n c e  i n  c a r b o n  t e t r a c h l o r i d e ,  where  a l l  f o r c e s
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a r e  e v e n ly  d i s t r i b u t e d ,  i s  2*99 -  0*03 A, w h e re a s  i n  
m e th y le n e  c h l o r i d e  i t  i s  3*23 -  0*1 A. S id g w ic h  a t t r i b u t e s  
t h i s  s e p a r a t i o n  o f  t h e  c h l o r i n e  a toms to  t h e i r  m u tu a l  
e l e c t r o s t a t i c  r e p u l s i o n .  I t  may a l s o  be due to  t h e  g r e a t e r  
s i z e , o f  t h e  c h l o r i n e  a to m s :  t h e  s e p a r a t i o n  c e r t a i n l y  t e n d s
to w ard s  a  more ev en  d i s t r i b u t i o n  o f  m ass  a b o u t  t h e  c e n t r a l  
c a r b o n  a tom . A l s o ,  t h e r e  must  be a n  e q u a l  r e p u l s i o n  
b e tw e e n  t h e  u n s c r e e n e d  p o s i t i v e  h y d r o g e n  n u c l e i ,  b u t ,  
a s su m in g  t h e  law  o f  i n v e r s e  s q u a r e s ,  t h i s  c o u l d  n o t  be so 
e f f e c t i v e  owing to  t h e  s m a l l e r  s i z e  o f  h y d ro g e n .  I t  would  
seem t h e n ,  t h a t  mass r a t h e r  t h a n  p o l a r i t y  i s  t h e  fu n d a m e n ta l  
d e t e r m i n a n t  i n  t h i s  c a s e .  I n  t h e  c a s e  o f  d i p h e n y l ,  t h i s  
would mean t h a t  e l e c t r i c a l  p r o p e r t i e s  a r e  o n ly  e f f e c t i v e  on 
l a r g e  atoms and a g a i n  e m p h a s i s e s  t h e  f a c t  t h a t  th e y  m us t  be 
s t u d i e d  f o r  l i m i t i n g  t y p e s .
G e n e r a l  e v i d e n c e  which  i s  more a p p l i c a b l e  t o  t h e  
d i p h e n y l  m o le c u le  h a s  b e e n  o b t a i n e d  by W e i s s b e r g e r  and 
Sangewald  (3 .  p h y s i k ,  Chem., 1 9 31 ,  B 1 2 , 399) and  by .
H a s s e l  and ITaeshagen ( i b i d .  1931 ,  B 1 4 ,  2 3 2 ) .  T hese  
a u t h o r s  have m e a su re d  t h e  d i p o l e  moments o f  h y d r o b e n z o i n  
and i s o h y d r o b e n z o i n ,  C5H5 .CHOH. CÏÏOH.C6H5 . F o r  c o m p l e t e l y  
f r e e  r o t a t i o n  a b o u t  t h e  C -  C bond t h e  two fo rm s s h o u l d  have  
t h e  same moment. The r e s u l t s  showed a  d i f f e r e n c e  o f  25^o, 
and a l t h o u g h  t h e  a u t h o r s  do n o t  c l a i m  t h a t  any q u a n t i t a t i v e  
s t a t e m e n t  i s  p o s s i b l e ,  t h e y  i n f e r  t h a t  t h e  e l e c t r i c a l  f o r c e s
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do,  i n  some d e g r e e ,  r e s t r i c t  th e  f r e e  r o t a t i o n .
C o r r o b o r a t i v e  e v i d e n c e  h a s  b e e n  o b t a i n e d  by K. I». Wolf 
( T r a n s .  F a r a d a y  S o c . ,  1930 ,  26 ,  315) f o r  t h e  d i e t h y l  e s t e r s  
o f  d e x t r o -  and m e s o - t a r t a r i c  a c i d s ,  t h e  d i p o l e  moments o f  
w hich  d i f f e r  by l&fo. These  r e s u l t s  may be t a k e n  a s  
e v i d e n c e  f o r  b e l i e v i n g  t h a t  e l e c t r i c a l  f o r c e s  do e x i s t  
b e tw e e n  d i f f e r e n t  p a r t s  o f  t h e  same m o l e c u l e ,  and t h a t  t h e y  
a r e  o p e r a t i v e  when s t e r i c  e f f e c t s  a r e  a b s e n t .
Meyer (Z. p h y s i k .  Chem., 1930 ,  B . 8 , 27) h a s  s t u d i e d  
t h e  r e s u l t s  o f  d i p o l e  moment m e asu rem e n ts  q u a n t i t a t i v e l y ,  
and h a s  c a l c u l a t e d  t h a t ,  i f  t h e  d i p o l e s  a r e  s e p a r a t e d  by a  
d i s t a n c e  w h ich  i s  l e s s  t h a n  tw i c e  t h e  d i a m e t e r  o f  a  l i n k e d  
c a r b o n  atom, t h e n  t h e  i n t r a m o l e c u l a r  p o t e n t i a l  i s  g r e a t e r  
t h a n  t h e  e n e rg y  o f  t h e r m a l  a g i t a t i o n  and r o t a t i o n  i s
0
p r e v e n t e d .  An ex t re m e  example i s  t h e  c a r b o x y l  g r o u p , — C
' - O H
w hich  i s  so p o l a r  t h a t  th e  h y d ro g e n  i s  h e l d  i n  t h e  
p o s i t i o n  o f  minimum moment up t o  a  t e m p e r a t u r e  o f  2 0 ,0 0 0 ° .
I n  a p p l y i n g  t h e s e  g e n e r a l  c o n s i d e r a t i o n s  t o  t h e  d i p h e n y l  
m o le c u le  t h e r e  a r e  many a l l o w a n c e s  to  be made. O r th o  
s u b s t i t u e n t s  c a n  n e v e r  be o f  t h e  n a t u r e  to  e x e r t  s u c h  a  f o r c e  
upon  e a c h  o t h e r  as  -OH d o e s ,  f o r  e x a m p le ,  upon  >0 0 . M oreove r  
i t  i s  n o t  o n ly  t h e  r o t a t i o n  o f  t h e  g ro u p s  t h e m s e l v e s  w h ic h  
m ust  be p r e v e n t e d  b u t  t h a t  o f  t h e  whole  d i p h e n y l  s y s t e m ,  t h e  
moment o f  i n e r t i a  o f  w h ich  must  be c o n s i d e r a b l e .  As S e n i o r
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h a s  p o i n t e d  o u t  i n  a n o t h e r  c o n n e c t i o n  ( J .Amer. S o c . ,  1933 ,
50, 4704) t h e  asymmetry  o f  d i p h e n y l  d e r i v a t i v e s  h a s  no 
c o n n e c t i o n  w i t h  any p r e - e s t a b l i s h e d  s e t  o f  i d e a s ,  so  t h a t  
w h i l e  c o m p a r i s o n s  may i n d i c a t e  t h e  v a r i o u s  p o s s i b i l i t i e s ,  
no a c c u r a t e  c o n c l u s i o n s  c a n  be drawn from  them.
I t  f o l l o w s  t h e n ,  t h a t  c o m p a r i s o n  w i t h  compounds 
i n  g e n e r a l  s u g g e s t s  t h a t  e l e c t r i c a l  f o r c e s  e x i s t  b e tw e e n  
a p p r o a c h i n g  o r t h o  s u b s t i t u e n t s ,  and p r o v i d e s  b r o a d  l i m i t s  
f o r  th e  e x t e n t  o f  t h e i r  e f f e c t .  F i n e r  l i m i t s  c a n  be s e t  
o n ly  by r e s o l u t i o n  e x p e r i m e n t s  on l i m i t i n g  t y p e s .  G iven  
t h a t  t h e  e l e c t r i c a l  f o r c e s  a re  o p e r a t i v e ,  i t  s t i l l  r e m a in s  
to  d e c id e  w h e th e r  t h e y  w i l l  a c t  by c a u s i n g  d e f l e c t i o n  o f  t h e  
v a l e n c y  b o n d s ,  as s u g g e s t e d  by S t a n l e y  & Adams, ( J . A m er .Soc .  
1930 ,  50, 1 2 0 0 ) ,  and so d e c r e a s i n g  o p t i c a l  s t a b i l i t y ,  o r  
w h e th e r  th e y  w i l l  add to  t h e  volume o f  th e  g r o u p s  and so 
i n c r e a s e  t h e  o b s t a c l e  e f f e c t .  Some i n f o r m a t i o n  as  t o  t h e  
e a s e  o f  d e f l e c t i o n  o f  t h e  v a l e n c y  bonds  as  compared, w i t h  t h e  
d e g re e  o f  r e s t r i c t e d  r o t a t i o n  may have  b e e n  f o r t h c o m i n g  
from t h e  s u c c e s s f u l  r e s o l u t i o n  o f  a  2 : 2 ’ - s p i r o - c y c l o  
d e r i v a t i v e ,  and i t  was hoped t h a t  some c o r r e l a t i o n  may have  
b e e n  p o s s i b l e .
As th e  e f f e c t s  due t o  p o l a r i t y  a r e  s m a l l  and 
v a r y  w i t h  t h e  n a t u r e  o f  e a c h  g roup  i t  i s  n o t  e a sy  t o  d e t e c t  
them e x p e r i m e n t a l l y .  Ho d e f i n i t e  c o n c l u s i o n s  c a n  be drawn 
from  t h e  r e s u l t s  o f  X - r a y  a n a l y s i s  o f  c r y s t a l s  o f  a c t i v e .
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as  compared  w i t h  i n a c t i v e ,  d i p h e n y l s  ( e . g .  C l a r k  & P i c k e t t  
J .Amer. S o c . ,  1931 ,  53,  1 6 7 ) .  The p ro b lem  i s  f u r t h e r  
c o m p l i c a t e d  by th e  f a c t  t h a t  no c l e a r  d i s t i n c t i o n  c a n  be 
made b e tw e e n  p o l a r  e f f e c t s  and volume e f f e c t s ,  t h e  e f f e c t  
m e a s u re d ,  even  by r e s o l u t i o n  e x p e r i m e n t s ,  i s  a lw ays  t h e  
r e s u l t a n t  o f  b o t h .
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I n  t h e  p r e s e n t  work t h e  e l e c t r i c a l  e f f e c t  h a s  
b ee n  s t u d i e d  t h r o u g h  t h e  a l l i e d  e f f e c t  o f  ^ - s u b s t i t u e n t s  
on th e  o p t i c a l  s t a b i l i t y  o f  a n t i r a e r i c  f o rm s .  P o l a r  e f f e c t s  
a r e  known t o  be r e l a y e d  a c r o s s  t h e  m o le c u le  and any 
d i f f e r e n c e s  o b s e r v e d  b e tw e en  th e  o p t i c a l  s t a b i l i t y  o f  
s u b s t i t u t e d  and u n s u b s t i t u t e d  a n t i m e r s  can  be t a k e n  as  t h e  
e f f e c t  o f  th e  i n d u c e d  p o l a r i t y  o f  th e  o r t h o  g r o u p s .  T h i s  i s  
a  most  c o n v e n i e n t  method o f  i n v e s t i g a t i o n ,  s i n c e ,  by 
s e l e c t i n g  a s u b s t a n c e  w hich  h a s  s t a b l e  b u t  r a c e m i s a b l e  
a n t i m e r i c  forms- and s y n t h e s i s i n g  a c o r r e s p o n d i n g  s u b s t i t u t e d  
d e r i v a t i v e ,  many a c c u r a t e  m e asu rem e n ts  can  be made w h ich  
o f f e r  a mass o f  m a t e r i a l  f o r  d i r e c t  c o m p a r i s o n .  M o reo v e r ,  
c o m p l i c a t i o n s  due t o  d i f f e r e n c e s  i n  mass o r  s i z e  a r e  
e l i m i n a t e d  and e l e c t r i c a l  e f f e c t s  c a n  be o b s e r v e d  d i r e c t l y .
The f i r s t  work i n  t h i s  c o n n e c t i o n  was done by 
Kuhn and A l b r e c h t  (A n n a len ,  455 ,  272;  i b i d . , 45 8 ,  2 2 1 ) ,  
who o b s e r v e d  t h a t  t h e  i s o m e r s  o f  t h e  p a r a  d i - s u b s t i t u t e d
Co^H COvH
n i t r o d i p h e n i c  a c i d ,  ^  V had.  a  h a l f - v a l u e
p e r i o d  n e a r l y  t h r e e  t im e s  t h a t  o f  t h e  m e ta  m o n o - s u b s t i t u t e d
C c ^ H  C o j i
a c i d  Ç  ^—C — ) * a c t u a l  v a l u e s  w ere  50 m in s .  and
53.
18 m in s .  r e s p e c t i v e l y ,  and c o r r e s p o n d i n g  v a l u e s  f o r  th e  
en e rg y  o f  a c t i v a t i o n  were 2 2 ,4 0 0  and 2 6 ,0 0 0  c a l s .
Kuhn a t t r i b u t e d  t h e  e f f e c t  t o  t h e  d i f f e r e n c e  b e tw e e n  t h e  
m a sse s  o f  t h e  two compounds, and c o n s i d e r e d  t h e  two p a r a  
n i t r o  g ro u p s  as  i n c r e a s i n g  th e  moment o f  i n e r t i a  o f  t h e  
m o le c u le  and  so r e d u c i n g  i t s  r a t e  o f  o s c i l l a t i o n .  More 
r e c e n t  work by Adams and c o - w o rk e r s  h a s  shown t h a t  t h e  
e f f e c t  i s ,  ho w év e r ,  an e l e c t r i c a l  o n e . Yuan and  Adams 
f j . A m er .S o c . , 1 9 3 2 ,  54 ,  4434) o b s e r v e d ,  f o r  ex am p le ,  t h a t  
c h l o r i n e  and b rom ine  have  a l m o s t  t h e  same e f f e c t  on  t h e
(9Mt NOi
r a t e  o f  r a c é m i s a t i o n  o f  th e  compound { }—  ^ )  , when
s u b s t i t u t e d ' i n  t h e  5 ’ p o s i t i o n  ( p a r a  to  t h e  methoxy  g r o u p ) .  
As t h e  m a sse s  o f  c h l o r i n e  and b rom ine  a r e  s u f f i c i e n t l y  
d i f f e r e n t ,  i n  c o m p a r i s o n  w i t h  th e  mass o f  a n i t r o  g r o u p ,  
f o r  t h e  e f f e c t  to  be m e a s u r e a b l e ,  t h e  ca u se  m ust  l i e  i n  t h e  
s i m i l a r  e l e c t r i c a l  p r o p e r t i e s  o f  t h e  h a l o g e n s .  Yuan and 
Adams s t u d i e d  th e  e f f e c t  o f  t h e  s e r i e s  o f  5’ - s u b s t i t u e n t s  
-OMe, -OEg, - 0 1 ,  - B r ,  -HOg on t h e  r a t e  o f  r a c é m i s a t i o n
/ QMt A/O, \
(  )  I , and fo u n d  t h a t
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t h e  v a l u e s  f o r  t h e  h a l f - l i f e  p e r i o d s  of  t h e  i s o m e r s  w ere  i n  
t h e  o r d e r  o f  th e  p o l a r i t y  o f  t h e  s u b s t i t u e n t  g r o u p s ,  t h e  
most p o l a r  g ro u p s  h a v i n g  t h e  m ost  s t a b i l i s i n g  e f f e c t .  The 
v a l u e s  were a l s o  compared w i t h  t h e  d i p o l e  moments o f  t h e
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c o r r e s p o n d i n g l y  s u b s t i t u t e d  a n i s o l e s ; -  (Ho d a t a  a r e  
a v a i l a b l e  f o r  th e  d i p o l e  moments o f  a c t i v e  d i p h e n y l s  and 
would n o t  be s i g n i f i c a n t  owing t o  t h e i r  c o m p l i c a t e d  
s t r u c t u r e ) .
S u b s t i t u e n t H a l f - v a l u e  P e r i o d  
o f  a c i d  i n  a l c o h o l .
D ip o le  moment 
o f  5 - s u b s t i t u t e d  
a n i s o l e .
OMe 10 *8 m i n s . 1 -8




The c o m p a r i s o n  s u g g e s t s  t h a t  t h e r e  i s  some r e l a t i o n s h i p  
b e tw e e n  t h e  o b s t a c l e  e f f e c t  o f  t h e  o r t h o  g r o u p s  and t h e  
e l e c t r i c a l  p r o p e r t i e s  of t h e  m o l e c u l e . C h ie n  and Adams 
( J . Amer. S o c . ,  1934 ,  56 ,  1787) have  g i v e n  s u p p o r t  t o  t h i s  
e v id e n c e  by f i n d i n g  t h a t  t h e  s u b s t i t u e n t s  have  t h e  same 
r e l a t i v e  e f f e c t  on t h e  s t a b i l i t y  o f  t h e  same compound
/  ONt No^
j when s u b s t i t u t e d  i n  t h e  3*- p o s i t i o n  ( o r t h o  to
t h e  methoxy g r o u p ) .  The 3 ’ - s u b s t i t u t e d  compounds a r e  
much more o p t i c a l l y  s t a b l e  t h a n  t h e  c o r r e s p o n d i n g  
5*- s u b s t i t u t e d  compounds
55.
S u b s t i t u e n t H a l f - v a l u e  P e r i o d  
o f  a c i d  i n  a l c o h o l .
3' - p o s i t i o n . 5*- p o s i t i o n
OMe 98 «1 m i n s . 1 0 .8
CÏÏ3 331-9 1 1 -5
Cl 771-3 3 1 -0
Br 827-0 3 2 .0
HOg 1905-2 35-4
C O.H O N< o M t C o ,  H
S i m i l a r l y ,  t h e  3 : 3 ’ - d i c a r b o x y  d e r i v a t i v e ,  { ^— Ç  j  ,
seemed to  be more o p t i c a l l y  s t a b l e  ( i t s  a c t i v e  b r u c i n e
s a l t  was i s o l a t e d  by S t o u g h t o n  and Adams, ( J . A m er .Soc .  1932 ,
54,  4436) t h a n  th e  c o r r e s p o n d i n g  5 : 5 * - d i c a r b o x y
ont ont
d e r i v a t i v e ,  Ç ^  ^  ^ , w h ich  c o u ld  n o t  be r e s o l v e d .
Coi" F 1= Co^ y
T hese  r e s u l t s  seem to  p ro v e  c o n c l u s i v e l y  t h a t  t h e  e f f e c t s  
o b s e r v e d  a r e  n o t  due to  any d i f f e r e n c e  i n  t h e  m a s s e s  o f  t h e  
m o l e c u l e s ,  n o r  d i r e c t l y  to  t h e  e l e c t r i c a l  c h a r a c t e r  o f  t h e  
s u b s t i t u e n t s  t h e m s e l v e s ,  s i n c e  t h e  same g ro u p  i n  d i f f e r e n t  
p o s i t i o n s  p r o d u c e s  d i f f e r e n t  e f f e c t s .  E l e c t r i c a l  e f f e c t s  
m ust  be i n d u c e d  i n  t h e  o r t h o  s u b s t i t u e n t s  by th e  m o le c u l e  
a s  a  w h o l e .
56.
The e f f e c t  o f  4 : 4 * - s u b s t i t u e n t s  h a s  now b e e n
/VWt,
examined by s y n t h e s i s i n g  ^ ^  f o r  c o m p a r i s o n
NMcJ
w i t h  ( ^ ^  ^  r e s o l v e d  by Shaw & T u rn e r  ( l o c . c i t . )
The d . d l - c a m p h o r s u lp h o n a te  and th e  d *d 1 - o(-bromocamphor 
s u l p h o n a t e  o f  t h e  4 : 4 * - d i e t h o x y  d e r i v a t i v e ,  have  b e e n  
p r e p a r e d  and c r y s t a l l i s a t i o n  e x p e r i m e n t s  have  b e e n  c a r r i e d  
o u t  i n  two s o l v e n t s ,  b u t  a l t h o u g h  some h e t e r o g e n e i t y  was 
i n d i c a t e d  no s e p a r a t i o n  i n t o  o p t i c a l  a n t i p o d e s  c o u l d  be 
o b s e r v e d .  The g r e a t e s t  d i f f e r e n c e s  i n  s p e c i f i c  r o t a t i o n  
o i ) se rv ed  were b e tw e e n  + 1 6 -3 ^  and M  rnc)/ 4-1 9 -0 0 , .
( a  d i f f e r e n c e  o f  0*12^ b e tw e e n  o b s e rv e d  a n g l e s )  f o r  t h e  
c a m p h o r s u l p h o n a t e , o f  w h ich  f o u r t e e n  sp e c im e n s  were  
exam ined ,  and b e tw e e n  4-52*0^ and 4 -47*8°
f o r  t h e  b ro m o -c a m p h o rsu lp h o n a te  . T h is  may mean t h a t  t h e  
d-  and 1 -  forms h av e  a lm o s t  i d e n t i c a l  s o l u b i l i t i e s ,  i n  b o t h  
s o l v e n t s ,  o r  i t  may mean t h a t  t h e  i s o m e r s  a r e  o p t i c a l l y  
u n s t a b l e ,  t h e  more s o l u b l e  a lw ays  b e i n g  c o n v e r t e d  i n t o  t h e  
l e s s  s o l u b l e  form  d u r i n g  th e  p r o c e s s  o f  c r y s t a l l i s a t i o n .
The l a t t e r  a l t e r n a t i v e  would im ply  t h a t  t h e  p a r a  e th o x y  
g r o u p s  have  a  v e r y  marked e f f e c t  on th e  o p t i c a l  s t a b i l i t y
!VMt,
o f  t h e  compound { V-|  ) , t h e  c a m p h o r s u lp h o n a te  o f
Nn«, X
w hich  h a s  a  h a l f - v a l u e  p e r i o d  o f  310 m i n s .  a t  90^ .  ( s e e  p 121)
57 .
The o n ly  o t h e r  o b s e r v a t i o n  o f  t h e  e f f e c t  o f  p a r a  s u b s t i t u e n t s  
on t h e  u n s u b s t i t u t e d  m o le c u le  i s  t h a t  o f  Kuhn and A l b r e c h t  
( l o c . c i t . ) ,  and i t  i s  i n t e r e s t i n g  t h a t  th e  e f f e c t  o f  p a r a  
n i t r o  g ro u p s  was to  i n c r e a s e  t h e  o p t i c a l  s t a b i l i t y .  <—OEt i s  
o p p o s i t e  i n  p o l a r  e f f e c t  t o  and t h i s  may a c c o u n t  f o r
th e  p o s s i b l e  i n s t a b i l i t y .  S e a r l e  and Adams ( J .Amer. S o c .1934 ,  
56 ,  2 1 1 2 ) have  r e c e n t l y  shown t h a t  on  th e  2 : 2 *- d ib ro m o -  
d i p h e n y l ,  p - e u b s t i t u t e d  —^ OOgE and ^ H E g  have  s u f f i c i e n t l y  
d i f f e r e n t  e f f e c t s  t o  d e c i d e  b e tw e e n  r e s o l v a b i l i t y  and
n o n - r e s o l u t i o n .  The c o m p o u n d \ —/ ^ co^ h gave a c t i v e
L îr
b r u c i n e  s a l t s  w h ich  showed m u t a r o t a t i o n ,  b u t  b o t h  t h e  
ca m p h o rs u lp h o n a te  and th e  b ro m o c a m p h o rs u lp h o n a te  o f  t h e
compound )—/ Vnh, showed constant r o ta t io n .
L  hr
The d i p o l e  moment o f  4:4* -  d i e t h o x y  d i p h e n y l ,  ^— C Z Z ) ^ ^
i s  g i v e n  as  1* 9 ,  and t h a t  o f  4 : 4 * - t e t r a m e t h y l d i a m i n o d i p h e n y l ,
a s  1 * 2 5 .  ( W i l l i a m s  and W e i s s b e r g e r ,
J . A m e r . S o c . ,  1928 ,  50 ,  2332; Z. p h y s i k .  Chem.,  1 9 2 9 ,  B3, 367) 
I f  t h e  p o t e n t i a l s  o f  t h e  ETC and HMeg c a n  be r e g a r d e d  a s  o f
o p p o s i t e  s i g n ,  t h e n  
t h a n
s t a b l e ,  ( c f .  Yuan and Adams, l o c . c i t . ) .
would, have  a  g r e a t e r  d i p o l e
and  m ig h t  be e x p e c t e d  t o  be more o p t i c a l l y
5 8 .
I t  i s  u n f o r t u n a t e  t h a t  w h i l e  t h e r e  i s  no i n f o r m a t i o n  
as  t o  th e  r e l a t i v e  s o l u b i l i t i e s  o f  a n t i m e r i c  fo rm s  t h e  
s i g n i f i c a n c e  o f  t h e s e  r e s u l t s  c a n n o t  be a s s e s s e d .
59 .
P r i m a r i l y  to  p r o v i d e  m a t e r i a l  f o r  c o m p a r i s o n ,  t h e
r a t e  o f  r a c é m i s a t i o n  o f  th e  u n s u h s t i t u t e d  2 : 2 * - d i s u h s t i t u t e d
 NMc^
d e r i v a t i v e ,  { ^ ^ ^ was i n v e s t i g a t e d .
M easurem en ts  were  made w i t h  t h e  d . d - c a m p h o r s u l p h o n a te  i n  f i v e  
s o l v e n t s  a t  90^ ,  w a t e r ,  a l c o h o l ,  a c e t o n e ,  a c e t o n i t r i l e  and 
c h l o r o f o r m .  C o n t r a r y  to  e x p e c t a t i o n s  no c o r r e l a t i o n  was 
p o s s i b l e  b e tw e e n  t h e  k  v a l u e s  and t h e  d i e l e c t r i c  c o n s t a n t ^  
o f  t h e  s o l v e n t
S o l v e n t k
W ater 0.00095 80 *0
A lc o h o l O'OOIO^ 2 3 -5
A ce to n e 0.00194 2 1 -4
A c e t o n i t r i l e O.OO2I 4 38-8
C h lo ro fo rm 0 . 0 0 3 5 05
The o r d e r  o f  i n c r e a s i n g  k  v a l u e  does  seem, h o w ev e r ,  to  be t h a t  
o f  i n c r e a s i n g  s o l u b i l i t y  o f  t h e  c a m p h o r s u lp h o n a te  i n  t h e  
s o l v e n t s .  A t h e o r e t i c a l  b a s i s  f o r  t h i s  w ould  be t h e  
h y p o t h e s i s  t h a t  a  good s o l v e n t  i s  one i n  w h ich  i n t e r m o l e c u l a r  
s p a c e s  a r e  l a r g e ,  so t h a t  many d i s s o l v e d  m o l e c u l e s  can be 
accommodated and i f  few a re  p r e s e n t  e a c h  h a s  f re ed o m  f o r  i t s  
own m o t io n .
60.
The m easurem en t  o f  t h e  r a t e s  o f  r a c é m i s a t i o n  a t  t h r e e  
t e m p e r a t u r e s ,  8 5 ° ,  9 0 ° ,  and  9 5 ° ,  a l l o w e d  t h e  e n e rg y  o f  
a c t i v a t i o n  t o  be c a l c u l a t e d .  F o r  t h e  d - i o d i d e ,  t h e  v a l u e s
were 1 2 ,9 0 0  and 10 ,400  c a l s .  The d i f f e r e n c e ,  2 , 5 0 0 ,  i s  t h e
e x t e n t  o f  t h e  e x p e r i m e n t a l  e r r o r  ( c a l c u l a t e d  i n d e p e n d e n t l y ) ,  
so t h e  v a l u e  may be g i v e n  a s  1 1 ,7 0 0  -  1,250  c a l s .  F o r  t h e  
d *d - c a m p h o r s u lp h o n a te  t h e  v a l u e  was* 1 8 ,8 0 0  i  1,250  c a l s .
S id g w ick  (Annua l  R e p o r t s ,  1932) h a s  c a l c u l a t e d  t h e o r e t i c a l l y  
t h a t  t h e  v a l u e  f o r  th e  en e rg y  o f  a c t i v a t i o n  o f  a  d i p h e n y l  
d e r i v a t i v e  which  h a s  a  m o d e ra te  h a l f - l i f e  p e r i o d  ( a b o u t  60 m in s )  
s h o u ld  be r o u g h l y  1 8 ,0 0 0  c a l s .  S in c e  t h e  " a c t i v a t e d ’* s t a t e  
o f  a  2 : 2 *- d i s u b s t i t u t e d  d e r i v a t i v e  may be i d e n t i f i e d  a s  t h a t  
i n  which  t h e  en e rg y  o f  t h e r m a l  a g i t a t i o n  overcom es  t h e  
o b s t a c l e  e f f e c t  and 2 :2 *- s u b s t i t u e n t s  p a s s  e a c h  o t h e r ,  i t  i s  
p o s s i b l e  t o  i n t e r p r e t  t h e  e n e rg y  o f  a c t i v a t i o n  as  t h e  e n e rg y  
n e c e s s a r y  to  r o t a t e  one n u c l e u s  r e l a t i v e  to  t h e  o t h e r  t h r o u g h  
an  a n g le  o f  1 8 0 ° .  The u n s t a b l e  i n t e r m e d i a t e  compound 
c o r r e s p o n d i n g  to  t h e  " e n ô l "  form o f  o t h e r  a s y m m e t r ic  m o l e c u l e s  
( " E n d "  Theory)  h a s  t h e  c o p l a n a r  c o n f i g u r a t i o n .  I t  w ould  seem 
more p r o b a b l e  t h a t  t h e  v a l e n c i e s  o f  t h e  o r t h o  c a r b o n  atoms 
o n ly  a r e  d e f l e c t e d  a t  t h e  moment o f  r a c é m i s a t i o n ,  r a t h e r  t h a n  
t h a t  t h e  whole  m o le c u le  i s  de fo rm ed  a s ,  f o r  ex am p le ,  i n  t h e  
c o n f i g u r a t i o n  o f  t h e  i n a c t i v e  d i - h e x a m e t h y l e n e
d e r i v a t i v e ,  ^  , p r e p a r e d  by M e is e n h e im e r  and H o r i n g ,
( B e r . ,  1927 , 60, 142 5 ) .  The f a c t  t h a t  2 : 2 *-  : 6*- t r i s u b s t i t u t e d
61.
d i p h e n y l s  a r e  more r e a d i l y  r a c e m is e d  t h a n  t h e  c o r r e s p o n d i n g  
2 : 2 * - : 6 : 6* - t e t r a s u h s t i t u t e d  o n es  l e n d s  s u p p o r t  t o  t h i s ,  s i n c e  
t h e  b e n d i n g  o f  o n ly  two,  a s  a g a i n s t  f o u r ,  v a l e n c i e s  w ould  be 
i n v o l v e d .
The f a c t  t h a t  Shaw and T u rn e r  ( l o c . c i t . )  o b t a i n e d  d i f f e r e n t  
v a l u e s  f o r  t h e  r a t e s  o f  r a c é m i s a t i o n  o f  t h e  d . d - c a m u h o r s u lp h o n a te  
and t h e  d - i o d i d e  s u g g e s t e d  t h a t  t h e r e  was some e f f e c t  due to  
é l e c t r o s t r i c t i o n .  The d - b e n z e n e s u l p h o n a t e  h a s  now b e e n  
p r e p a r e d  and i t s  r a t e  o f  r a c é m i s a t i o n  compared w i t h  t h o s e  o f  
t h e  d - i o d i d e  and t h e  d . d - c a m p h o r s u lp h o n a t e  i n  d i l u t e  a q u eo u s  
s o l u t i o n s  o f  e q u i m o l e c u l a r  c o n c e n t r a t i o n s : -
S a l t  k  H a l f - v a l u e  p e r i o d .
benzene  s u l p h o n a t e  0 . 0 0 l 4 g  210  m in s .
i o d i d e  O.OOII9 250 ’*
d - c a m p h o r s u l p h o n a te  0 .0 0 0 9 5  310 "
I t  i s  i n t e r e s t i n g  t h a t  t h e  l o s s  o f  a c t i v i t y  o f  t h e  camphor
m o le c u l e  does  n o t  o b l i t e r a t e  t h e  r e l a t i v e  o b s t a c l e  e f f e c t  o f  
t h e  c a m p h o r s u lp h o n a te  g r o u p .  T here  does  n o t  seem to  be  any 
c o r r e s p o n d a n c e  b e tw e e n  t h e  v a l u e s  f o r  t h e  b e n z e n e s u l p h o n a t e  
and t h e  d - c a m p h o r s u lp h o n a te  w h ich  w ould  i n d i c a t e  a  common 
e f f e c t  due t o  t h e  s u l p h o n a t e  t y p e  o f  l i n k a g e . The 
i n s t a b i l i t y  o f  t h e  b e n z e n e s u l p h o n a t e , a s  compared  w i t h  t h e  
i o d i d e ,  s t r i k i n g l y  c o n f i r m s  w hat  w ould  have  b e e n  t a k e n  f o r  
g r a n t e d ,  t h a t  dynamic e f f e c t s  ( c f .  l e s s l i e  and T u r n e r ,
62.
J . C . S . ,  1932 ,  2021) a r e  n o t  o p e r a t i v e  i n  t h e  i o n i c  s t a t e ;
t h e  f a c t  t h a t  t h e  v a l u e s  f o r  t h e  i o d i d e  and th e
b e n z e n e s u l p h o n a t e  a r e  d i f f e r e n t ,  how ever ,  s u g g e s t s  t h a t  t h e
NMe.1
i o n  ^ j —  ^ ^ does  n o t  e x i s t  as  an e n t i r e l y  i n d e p e n d e n t
e n t i t y .  There  must  be some é l e c t r o s t r i c t i o n  w h ic h  wDuld 
have  t o  be e x p l a i n e d  i n  t e rm s  o f  e l e c t r o n i c s .  T h i s  c a n  
h a r d l y  be r e g a r d e d  as  t h e  d i r e c t  i n f l u e n c e  o f  p o l a r i t y  on 
t h e  o b s t a c l e  e f f e c t  o f  th e  IMe^ g r o u p ,  b u t  t h e  two phenomena 
may be t h e  r e s u l t s  o f  t h e  o p e r a t i o n  o f  t h e  same mechanism 
o f  e l e c t r o n i c  d i s p l a c e m e n t s .
63
I t  i s  e v i d e n t  t h a t  a c o m p l e t e l y  s a t i s f a c t o r y  
i n t e r p r e t a t i o n  o f  t h e  p o l a r  e f f e c t s  o f  o r t h o  s u b s t i t u e n t s  
i n  t h e  d i p h e n y l  m o le c u l e  i s  s t i l l  r e m o te .  Any a t t e m p t  
to  c o r r e l a t e  p o l a r  p r o p e r t i e s  w i t h  o b s t a c l e  e f f e c t  w ould  
be p r e m a t u r e ,  and co n te m p o ra ry  work must  t h e r e f o r e  t a k e  
t h e  form  o f  an  i n t e r i m  r e p o r t .
&? ? # # # ; >
S X P S R I M E H T A I .  - '  vv  ^.^ Æ g |s
64.
I H D E X  TO E X P E R T  M E E T S  .
T H e t e r o - S p i r o - C y c l o  D e r i v a t i v e s  o f  D ip h e n y l  65 -  99
A . 7-memhered R ing  Compounds 6 5 - 9 6
1 . 2:2* - D i t o l y l  D e r i v a t i v e s ' . A t t e m p t e d  S y n t h e s e s
o f  4 : 4 * - D i h r o m o - 2 : 2 * - d i t o l y l . 65 -  77
2 .  w : w * - T e t r a m e t h y l -2 : 2 * - d i t o l y l  D e r i v a t i v e s  78 -  88
3.  w : w * - T e t r a p h e n y l -2 : 2 * - d i t o l y l  D e r i v a t i v e s  89 -  91
E x p e r im e n t s  on 6- B ro m o p ip e ro n a l  92 -  96
B.9-memhered  R in g  Compounds 
A t t e m p te d  s y n t h e s e s  o f  w :w *-d ihrom o-
2 : 2 * - d i a c e t y l d i p h e n y l  97 -  99
TT 5 - E t h o x y - 2 - (2*- b i s d i m e t h y l a m i n o - 4 * - e t h o x y - p h e n y l )
p h e n y l t r im e th y la m m o n iu m  i o d i d e .  10 0  -110
1 .  S y n t h e s i s  100 -1 0 3
2 .  E x p e r im e n t s  on O p t i c a l  P r o p e r t i e s  104 - l l O
2 - ( 2 * -B i  s dime th y la m in o p h e n y 1)
p h e n y l  t r i m e  thylammonium i o d i d e  111 -129
1 . S y n t h e s i s  111 -112
2 .  R a te s  o f  R a c é m i s a t i o n  113 -129
S o l v e n t  E f f e c t  115 -1 1 6
T em p era tu re  E f f e c t  117 -119
I o n  E f f e c t  119 -120
Ta bles  121 -12  9
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T HETEHO-SPEO-CYOLO DERIVATIVES OF DIPÏÏEHYD.
A. 7 MSMBERED-SPIRO RIHG C0MP0ÜIÎDS.
1 .  2 : 8 *- D i t o l y l  D e r i v a t i v e s :
A t t e m p te d  S y n th e s e s  o f  w : w * -D ib ro m o -2 : 2 ’ - d i t o l y l
T From o - n i t r o h e n z y l  p h e n y l  e t h e r .
( l )  P r e p a r a t i o n  o f  o - n i t r o h e n z y l  p h e n y l  e t h e r .
The f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  m ethod  
o f  T h i e l e  & D im ro th  (A n n a len  1885 ,  305 ,  113) was u s e d .
A s o l u t i o n  o f  p o t a s s i u m  p h e n o x id e  i n  p h e n o l  was p r e p a r e d  
by h e a t i n g  28 g .  o f  c a u s t i c  p o t a s h  l l ^  m o is )  w i t h  f i v e  d r o p s  
o f  w a t e r  i n  a  P y re x  f l a s k  u n t i l  t h e  l i q u i d  was c l e a r ,  c o o l i n g  
t o  t h e  p o i n t  o f  c r y s t a l l i s a t i o n ,  and a d d i n g  94 g .  o f  p h e n o l  
(3 m o is )  i n  s m a l l  p o r t i o n s ,  w i t h  s h a k i n g  and o c c a s i o n a l  
warming t o  keep  t h e  m e l t  c l e a r .  T h is  was c o o l e d  t o  100° and 
t r e a t e d  w i t h  57 g .  ( l  mol)  o f  o - n i t r o b e n z y l  c h l o r i d e .  A f t e r  
h e a t i n g  u n d e r  r e f l u x  f o r  1  h o u r  on  t h e  w a t e r  b a t h ,  t h e  
p r o d u c t  was s h a k e n  f r e e  f rom  p h e n o l  w i t h  e x c e s s  c a u s t i c  s o d a  
and t h e  p r e c i p i t a t e d  e t h e r  f i l t e r e d  o f f .  C r y s t a l l i s a t i o n  
f rom a l c o h o l  gave c o l o u r l e s s  p r i s m s ,  m .p .  6 2 -6 3 ^ .
Y i e l d  42 g . ( 5 5 ^ ) .
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(2 ) P r e p a r a t i o n  o f  o^-aminobenzyl p h e n y l  e t h e r . 
T h i e l e  & D im ro th  (A n n a len  1885 ,  3 0 5 , 114)
u s e d  s t a n n o u s  c h l o r i d e  and h y d r o c h l o r i c  a c i d  f o r  t h e  r e d u c t i o n  
o f  o - n i t r o h e n z y l  p h e n y l  e t h e r .  I n  t h e  p r e s e n t  s e r i e s  o f  
e x p e r i m e n t s  r e d u c t i o n  w i t h  i r o n ,  w a t e r  and a  t r a c e  o f  a c i d  
gave  good r e s u l t s .
A t h i n  p a s t e  o f  50 g . o f  i r o n  f i l i n g s  and w a t e r  was h e a t e d  on 
t h e  w a t e r  h a t h  f o r  10  m i n u t e s ,  and a  few c c .  o f  g l a c i a l  
a c e t i c  a c i d  were  a d d e d .  W h i l s t  t h e  m i x t u r e  was s t i l l  
f r o t h i n g ,  50 g .  o f  o - n i t r o h e n z y l  p h e n y l  e t h e r  were  ad d e d  and  
t h e  m i x t u r e  s t i r r e d  and k e p t  as  h o t  a s  p o s s i b l e  f o r  h a l f  an  
h o u r ,  b o i l i n g  w a t e r  b e i n g  added  from t im e  to  t im e t o  k e e p  th e  
p a s t e  t h i n .  The b a s e  was e x t r a c t e d  w i t h  b o i l i n g  a l c o h o l ,  
t h e  s o l u t i o n  f i l t e r e d  from  i r o n ,  and th e  s o l v e n t  removed by 
e v a p o r a t i o n  u n d e r  r e d u c e d  p r e s s u r e .  The r e s i d u e  was f r e e d  
f rom  n i t r o - c o m p o u n d  by d i s s o l v i n g  i n  d i l u t e  h y d ro  c h l o r i c  a c i d  
f i l t e r i n g  and p r e c i p i t a t i n g  s lo w ly  w i t h  ammonia. The b a s e  
c r y s t a l l i s e d  from  a l c o h o l  i n  c o l o u r l e s s  p r i s m s ,  m .p .  8 1 - 8 2 ° .  
Y i e l d  40 g . (91ÿj) .
(3) A c t i o n  o f  P o t a s s iu m  I o d id e  on o -A m inobenzy l  
p h e n y l  e t h e r  d ia z o n iu m  s a l t s .
2 -A m inobenzy l  p h e n y l  e t h e r  (20 g . )  was
h e a t e d  w i t h  25 c c . o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  and 40 c c .  
o f  w a t e r  u n t i l  d i s s o l v e d .  The s o l u t i o n  was r a p i d l y  c o o l e d .
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w i t h  s t i r r i n g ,  t o  0 ° ,  and t h e  r e s u l t i n g  p a s t e  t r e a t e d  w i t h  
7 g .  o f  sodium n i t r i t e ,  i c e  b e i n g  added as  r e q u i r e d .  The 
d i a z o  s o l u t i o n  was f i l t e r e d ,  f r e e d  f rom  n i t r o u s  a c i d  w i t h  
u r e a ,  and p o u r e d  s lo w ly  i n t o  a s o l u t i o n  o f  32 g .  o f  p o t a s s i u m  
i o d i d e  and 50 g .  o f  sodinm a c e t a t e  i n  70 c c . o f  w a t e r  a t  4 0 ° .  
A r e d - b r o w n  p r e c i p i t a t e  a p p e a r e d ,  w h ich  on h e a t i n g  e v o l v e d  
n i t r o g e n  and form ed a b ro w n ish  t a r - l i k e  m a ss .  On e x t r a c t i n g  
w i t h  e t h e r ,  i o d i n e  o n ly  d i s s o l v e d  o u t  and t h e  r e s i d u e  h ad  a  
h i g h  m e l t i n g  p o i n t  (abovd 2 0 0 ° ) .
The m ethod was m o d i f i e d : -
(a)  b a s e  d i a z o t i s e d  i n  c o n c e n t r a t e d  s u l p h u r i c  a c i d
(b) t h e  d ia z o  s o l u t i o n  p o u re d  i n t o  p o t a s s i u m  i o d i d e  s o l u t i o n  
a l  o n e .
I n  e a c h  c a s e  a  s i m i l a r  r e s u l t  was o b t a i n e d .
On a t t e m p t i n g  to  n e u t r a l i s e  t h e  d i a z o  s o l u t i o n  w i t h  sodium 
b i c a r b o n a t e  th e  same p r e c i p i t a t e  was fo rm e d .
E x p e r im e n t s  i n  t h e  p - n i t r o b e n z y l  p h e n y l  e t h e r  s e r i e s .
( i )  £ - H i t r o b e n z y l  c h l o r i d e  was p r e p a r e d  by t h e  m ethod  g i v e n  
i n  t h e  l i t e r a t u r e .  The p r o d u c t  was s e p a r a t e d  from th e  
2 - compound by p o u r i n g  on to  i c e  and f i l t e r i n g ,  When m os t  
o f  t h e  0 - compound f i l t e r e d  t h r o u g h  as  l i q u i d  o-p^- m i x t u r e .
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A f t e r  m e l t i n g  u n d e r  s u c c e s s i v e  q u a n t i t i e s  o f  b o i l i n g  w a t e r  
th e  s o l i d  p o r t i o n  was c r y s t a l l i s e d  f rom a l c o h o l ,  i n  w h ich  th e  
p-compound i s  much th e  more s o l u b l e .
Y i e l d  30ÿb ( C a l c u l a t e d  on t o t a l  p - p - m i x t u r e . )
( i i )  p - H i t r o b e n z y l  p h e n y l  e t h e r  was p r e p a r e d  from 
p - n i t r o b e n z y l  c h l o r i d e  and p o t a s s i u m  p h e n o x id e  by t h e  method 
d e s c r i b e d  f o r  t h e  p-compound ( ( l )  a b o v e ) ,  m .p .  9 0 - 9 1 ° .
Y i e l d  25 g .  (85?b)
( i i i )  A c t i o n  o f  r e d u c i n g  a g e n t s  on p - n i t r o b e n z y l  p h e n y l  e t h e r
{a) Fe and HCl
40 g .  o f  p - n i t r o b e n z y l  p h e n y l  e t h e r  were d i s s o l v e d  i n  
70 c c .  o f  a l c o h o l  u n d e r  r e f l u x ,  50 c c .  o f  c o n c e n t r a t e d  
H y d r o c h l o r i c  a c i d  i n  20 c c .  o f  w a t e r  were added  and  t h e n  
20  g .  o f  i r o n  f i l i n g s  i n  s m a l l  q u a n t i t i e s ,  w i t h  v i g o r o u s  
s h a k i n g . The m i x t u r e  was h e a t e d  on  th e  w a t e r  b a t h  f o r  2 ^  
h o u r s ,  and w h i l e  s t i l l  warm *880 ammonia was a d d e d ,  d ro p  by 
d r o p , t i l l  a l k a l i n e  and th e  i r o n  f i l t e r e d  o f f .  On e v a p o r a t i n g  
t h e  f i l t r a t e ,  a  n e g l i g i b l e  r e s i d u e  was o b t a i n e d ,  w h ich  r a p i d l y  
t u r n e d  d a r k  i n  t h e  a i r  and d i s s o l v e d  v e r y  r e a d i l y  i n  d i l u t e  
h y d r o c h l o r i c  a c i d .
(b) I r o n  and w a t e r .
20 g .  o f  p - n i t r o b e n z y l  p h e n y l  e t h e r  were  added to  a  h o t
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p a s t e  o f  20  g .  o f  i r o n  f i l i n g s  and  w a t e r  w i t h  2 c c .  o f  
g l a c i a l  a c e t i c  a c i d .  A f t e r  s t i r r i n g  f o r  30  m i n u t e s ,  h o t  
a c e t o n e  was ad d e d ,  t h e  i r o n  f i l t e r e d  o f f ,  and t h e  s o l u t i o n  
e v a p o r a t e d  u n d e r  r e d u c e d  p r e s s u r e  u n t i l  10  c c .  r e m a in e d .
T h is  was t r e a t e d  w i t h  d ry  e t h e r ,  when a b ro w n is h  p r e c i p i t a t e  
s e p a r a t e d ,  w h ich  h ad  a h i g h  m e l t i n g  p o i n t  and was i n s o l u b l e  
i n  a l c o h o l .  A f t e r  b o i l i n g  th e  p r e c i p i t a t e  w i t h  d i l u t e  
s u l p h u r i c  a c i d ,  and  a d d in g  e x c e s s  c a u s t i c  so d a  and i o d i n e ,  
a w h i t e  p r e c i p i t a t e  a p p e a r e d  and t h e  odour  o f  io d o fo rm  was 
e a s i l y  d e t e c t e d .  The w h i t e  p r e c i p i t a t e  was i n s o l u b l e  i n  
o r g a n i c  s o l v e n t s .
I I . From p - H i t r o b e n z y l  b e n z o a t e .
(1 ) P r e p a r a t i o n  o f  p - n i t r o b e n z y l  b e n z o a t e .
50 g .  o f  p - n i t r o b e n z y l  c h l o r i d e  were  r e f l u x e d  
w i t h  85 g .  o f  sodium b e n z o a te  i n  100 c c .  o f  w a t e r  f o r  8 -10  
h o u r s  a t  1 2 0 ° .  On c o o l i n g ,  t h e  e s t e r  s e p a r a t e d ,  was* 
f i l t e r e d  o f f  and c r y s t a l l i s e d  f rom  aqueous  a l c o h o l ,  
m .p .  93° .
Y i e l d  65 g .  ( 68%)
(2) P r e p a r a t i o n  o f  p - a m in o b e n z y l  b e n z o a t e .
The method d e s c r i b e d  i n  t h e  l i t e r a t u r e  ( r e d u c t i o n  
w i t h  Z inc  and H y d r o c h l o r i c  a c i d  -  P a a l  & Bodewig,  B e r . , 1892 ,
70.
25 ,  2963) was f i r s t  u s e d  and d i d  n o t  g iv e  s a t i s f a c t o r y  
r e s u l t s .
S ta n n o u s  c h l o r i d e  and h y d r o c h l o r i c  a c i d  was found  to  g i v e  a  
more e f f i c i e n t  r e d u c i n g  medium.
10  g .  o f  p - n i t r o h e n z y l  b e n z o a t e  were  s h a k e n  w i t h  
10 c c .  o f  a c e t i c  a c i d  i n  a  r o u n d  f l a s k  and 27 g .  o f  s t a n n o u s  
c h l o r i d e  ad d e d ,  and t h e n  30 c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  
a c i d  s l o w l y .  The r e a c t i o n  was i n i t i a t e d  by h e a t i n g  on  t h e  
w a t e r  b a t h  and  was co m p le te  a f t e r  20 m i n u t e s .  E x ce s s  o f  40)o 
c a u s t i c  s o d a  was added  w i t h  c o o l i n g .  ViHien th e .  p r e c i p i t a t e d  
t i n  h y d r o x i d e  had  r e d i s s o l v e d  th e  p r e c i p i t a t e d  b a s e  was 
f i l t e r e d  o f f ,  d i s s o l v e d  i n  d i l u t e  h y d r o c h l o r i c  a c i d ,  
f i l t e r e d  and th e  h y d r o c h l o r i d e  p r e c i p i t a t e d  w i t h  c o n c e n t r a t e d  
h y d r o c h l o r i c  a c i d .
Crude y i e l d  5 g .  (72^6) m .p .  o f  h y d r o c h l o r i d e  1 4 3 ° .
(3) A c t i o n  o f  P o t a s s i u m  i o d i d e  on p-Ami no b e n z y l  
B e n z o a te  D iazon ium  s a l t s .
10 g .  o f  p - a m in o b e n z y l  b e n z o a t e  were  d i s s o l v e d  
i n  10  c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  acid,  and th e  s o l u t i o n  
c o o l e d  r a p i d l y  t o  0 ° ,  1*5 g .  o f  sodium n i t r i t e  were ad d ed ,  
w i t h  i c e  as  r e q u i r e d .  The d i a z o  s o l u t i o n  was f i l t e r e d ,  
t r e a t e d  w i t h  u r e a ,  and p o u re d  i n t o  a  s o l u t i o n  o f  8 g .  o f  
p o t a s s i u m  i o d i d e  and 30  g .  o f  sodium a c e t a t e  i n  50 c c .  o f  
w a t e r  a t  3 5 - 4 0 ° .  A r e d - b r o w n  p r e c i p i t a t e  was fo rm e d ,  w h ic h
71.
was i n s o l u b l e  i n  e t h e r  and c h l o r o f o r m .  The same compound 
was p r o d u c e d  when t h e  d ia z o  s o l u t i o n  was n e u t r a l i s e d  w i t h  
sodium b i c a r b o n a t e .
I l l . From p - H i t r o b e n z y l  a l c o h o l .
(1) P r e p a r a t i o n  o f  p - n i t r o b e n z y l  a l c o h o l .
The f o l l o w i n g  m o d i f i c a t i o n  o f  t h e  m ethod  o f  P a a l  
and Bodewig ( B e r . , 1892 ,  2 ^ ,  2963) gave s a t i s f a c t o r y  r e s u l t s .
40 g .  o f  p - n i t r o b e n z y l  b e n z o a t e  were s h a k e n  w i t h  
100  g .  o f  a l c o h o l i c  p o t a s h  a t  6 0 - 7 0 ° .  The s o l u t i o n  was 
d i l u t e d  w i t h  w a t e r  and  t h e  a l c o h o l  e x t r a c t e d  w i t h  e ther-^
The e t h e r e a l  s o l u t i o n  was d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e  
and a n i m a l  c h a r c o a l  ( t o  d e c o l o u r i s e ) ,  f i l t e r e d ,  and t h e  e t h e r  
removed by e v a p o r a t i o n .
Y i e l d  17 g .  m .p .  7 0 - 7 1 ° .
(2) P r e p a r a t i o n  o f  p - a m in o b e n z y l  a l c o h o l .
V a r i o u s  w o rk e r s  -  F r i e d l a n d e r  & H e n r iq u e s  (B e r .  1 8 8 2 ,  
1 5 , 2 1 0 9 ) ,  H e i s s e r t  & Cramer ( B e r . , 1928 ,  61B, 2 5 5 5 ) ,
G a b r i e l  & P o s n e r  ( B e r . , 1894 ,  2p ,  3 5 1 2 ) ,  P a a l  & B au d en h e im er  
( B e r . , 1892 ,  2^ ,  2968) and Auwers ( B e r . , 1904 ,  37, 2260) 
have  e x p e r i e n c e d  d i f f i c u l t y  i n  f i n d i n g  a  s u i t a b l e  a g e n t  f o r  
th e  r e d u c t i o n  o f  p - n i t r o b e n z y l  a l c o h o l .
The method o f  F r i e d l a n d e r  & H e n r iq u e s  ( l o c . c i t )  was fo u n d
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s a t i s f a c t o r y  and gave o - a m in o b e n z y l  a l c o h o l  i n  60ÿc y i e l d .
(3) P r e p a r a t i o n  o f  o_-iodohenzyl  a l c o h o l .
O l i v i e r  (Rec.  t r a v .  ch im . 1 9 22 ,  516) o b t a i n e d  t h i s  
compound i n  s m a l l  q u a n t i t i e s  by t h e  h y d r o l y s i s  o f  o - i o d o b e n z y l  
c h l o r i d e .
9 g .  o f  £ -8 m in o b e n z y l  a l c o h o l  were  d i a z o t i s e d  w i t h  
19 c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  i n  10 c c .  o f  w a t e r ,  
and 4*5 g .  o f  sodinm n i t r i t e  a t  0 ^ .  The s o l u t i o n  was 
f i l t e r e d ,  t r e a t e d  w i t h  u r e a  and added  to  24 g . o f  p o t a s s i n m  
i o d i d e  i n  25 c c . o f  w a t e r .  ( P r e s e n c e  o f  sod ium  a c e t a t e  
c a u s e d  p r e c i p i t a t i o n  o f  o n ly  c o l o u r e d  d i a z o  com pound) .
A brown g r a n u l a r  s u b s t a n c e  s e p a r a t e d ,  w h ich  was e x t r a c t e d  
w i t h  e t h e r ,  t h e  e x t r a c t  w ashed  w i t h  c a u s t i c  so d a  t i l l  
c o l o u r l e s s ,  and  d r i e d  o v e r  p o t a s s i u m  c a r b o n a t e .  The e t h e r  
was e v a p o r a t e d  and t h e  r e s i d u e  l e f t  i n  vacuo  o v e r  c o n c e n t r a t e d  
s u l p h u r i c  a c i d  f o r  24 h o u r s .  Sm all  b ro w n i s h  c r y s t a l s  were  
o b t a i n e d ,  m .p .  8 6 -8 9 ^ .
Y i e l d  ( c r u d e )  4 g .  (22fo)
TT. From o ^- iodo to luene
(1) P r e p a r a t i o n  o f  2 : 2 ^ - d i t o l y l .
(a)  U l lm ann  m e th o d .
100 g ,  o f  o - i o d o t o l u e n e  were h e a t e d  to  b o i l i n g  p o i n t  
(20 4O) i n  a  l a r g e  b o i l i n g  tu b e  i n  a m e t a l  b a t h  a t  2 4 0 ^ .
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100  g .  o f  p u r e  c o p p e r  b ro n z e  were s t i r r e d  i n  g r a d u a l l y ,  and 
th e  m i x t u r e  a l lo w e d  t o  s u p e r h e a t  f o r  30 m i n u t e s .  70 c c .  
o f  m o n o ch lo rb e n zen e  were added  and th e  m ix t u r e  e x t r a c t e d  a t  
th e  b o i l i n g  p o i n t .  The s o l u t i o n  was f i l t e r e d  f r e e  f rom 
c o p p e r  and c u p ro u s  i o d i d e  and d i s t i l l e d  i n  a f l a s k  f i t t e d  
w i t h  a f r a c t i o n a t i n g  column. The c h l o r b e n z e n e  d i s t i l l e d  
o f f  a t  1 3 2 -1 4 0 ^ ,  u n u se d  o - i o d o t o l u e n e  (70 g . )  a t  2 2 0 ^ .
The r e s i d u e  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e ,  u s i n g  
B e n n e t t  f r a c t i o n a t i n g  a p p a r a t u s ,  and a  s m a l l  q u a n t i t y  o f  
2 : 2 ' - d i t o l y l  came o v e r  as  a f a i n t l y  y e l l o w  o i l  a t  140 -145°  
a t  20 mm.
On c o o l i n g  i n  a  f r e e z i n g  m i x t u r e ,  t h e  o i l  d e p o s i t e d  s m a l l  
p r i s m a t i c  c r y s t a l s .
Y i e l d  3 g .  (77^. 25?  ^ a l l o w e d  f o r  i o d o t o l u e n e  r e c o v e r e d . )
(b) G r i g n a r d  m e th o d .
The G r i g n a r d  r e a g e n t  was t r e a t e d  w i t h
( l )  Chromic c h l o r i d e  and (2) C u p r ic  c h l o r i d e  a c c o r d i n g  to  
t h e  m e thods  d e s c r i b e d  by B e n n e t t  & T u rn e r  ( J . C . S .  1914,
105 ,  1 0 5 7 ) ,  T u rn e r  & K r izew sk y ,  ( J . C . S .  1919 ,  5 5 9 ) ,  and 
T u rn e r  ( J . R o y a l  S o c . ,  R .S .  W a les ,  1 9 2 0 ) .
The d i l u t e  H y d r o c h l o r i c  a c i d  -  e t h e r  m ix t u r e  t e n d e d  to  
e m u l s i f y  b a d l y  (owing to  p r e s e n c e  o f  b y - p r o d u c t s )  and o n ly  
s m a l l  amounts o f  d i t o l y l  (8-9/ï?) were o b t a i n e d  f rom  t h e  
e t h e r e a l  l a y e r .
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7 .  From 2 ~ A m i n o - 4 - n i t r o t o l u e n e .
( l )  P r e p a r a t i o n  o f  2 - i o d o - 4 - n i t r o t o l u e n e .
W i l l g e r o d t  & Kok ( B e r . ,  1908 ,  2077) and
E e v e r d i n  & F a o o r  ( B e r . , 1897, 3 0 , 3000) o b t a i n e d  t h i s  io d o  
compound s u c c e s s f u l l y  by a d d in g  th e  d i a z o t i s e d  b a s e ,
A/Oj
, t o  p o t a s s i u m  i o d i d e  s o l u t i o n .
In  t h e  p r e s e n t  s e r i e s  o f  e x p e r i m e n t s ,  38 g .  ( l  mol)  o f  
f i n e l y  pow dered  2 - a m i n o - 4 - n i t r o t o l u e n e  were  h e a t e d  w i t h  
100 c c .  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  (4 m ois )  and 
50 c c .  o f  w a t e r  f o r  1 h o u r  on th e  w a t e r  b a t h .  D i a z o t i s a t i o n  
was c a r r i e d  o u t  b e tw e en  - 5 °  and 0 ° ,  and th e  u n d i s s o l v e d  
h y d r o c h l o r i d e  r e c o v e r e d  by f i l t e r i n g  t h e  d ia z o  s o l u t i o n  was 
g ro u n d  up and t r e a t e d  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d  and more 
sodium n i t r i t e  a t  - 5 ° .  On a d d in g  p o t a s s i u m  i o d i d e  t h e  
d i a z o  compound s e p a r a t e d  as  p a l e  b r o w n is h  y e l lo w  g r a n u l e s .
I t  was p u r i f i e d  by w ash in g  w i t h  s t r o n g  c a u s t i c  s o d a ,  d r y i n g  
and d i s t i l l i n g  a t  reduced, p r e s s u r e .  B o i l i n g  p o i n t  1 7 0 - 1 7 1 ° ,  
a t  18 mm. m . p . 51^ .
Y i e l d  40 g .  (607c)
(2 ) P r e p a r a t i o n  o f  2 ;2 ' - d i m e t h y l - 5 : 5 ' - d i n i t r o d i p h e n y l .
T h i s  compound had  p r e v i o u s l y  b e e n  o b t a i n e d  by th e  
U l lm ann  d i a z o  m ethod  ( B e r . , 1905 ,  38,, 7 2 8 ) .  The f o l l o w i n g  
(Ullmann c o p p e r  b ro n z e )  m ethod  was found  more c o n v e n i e n t .
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35 g .  o f  2 - i o c L o - 4 - n i t r o - t o l u e n e  were h e a t e d  to  205° 
i n  a  b o i l i n g  tu b e  i n  a  m e t a l  b a t h  a t  2 3 0 -2 4 0 ° .  5 g .  o f
p u re  c o p p e r  b r o n z e  were s t i r r e d  i n  and h e a t i n g  c o n t i n u e d  
g e n t l y .  A t  2 1 0 ° r e a c t i o n  s e t  i n ,  i n d i c a t e d  by r a p i d  r i s e  
o f  t e m p e r a t u r e  to  214° and d e p o s i t  o f  c u p ro u s  i o d i d e  on t h e  
s u r f a c e .  F u r t h e r  30 g .  o f  c o p p e r  b ro n z e  were added  i n  s m a l l  
p o r t i o n s  a t  s u c h  a  r a t e  t h a t  t h e  t e m p e r a tu r e  was k e p t  b e tw e e n  
2100  and 2 2 5 ° .  At t h e  end o f  t h e  a d d i t i o n  t h e  m i x t u r e  was 
h e a t e d  f o r  a  f u r t h e r  20 m i n u t e s  a t  2 2 5 - 2 3 0 ° ,  and  t h e n  
e x t r a c t e d  w i t h  70 c c .  o f  m o n o c h lo rb en ze n e  a t  th e  b o i l i n g  
p o i n t .  The s o l u t i o n  was f i l t e r e d  o f f  f rom  c o p p e r  and 
c u p ro u s  i o d i d e  and most  o f  t h e  s o l v e n t  d i s t i l l e d  o f f .  The 
r e s i d u e  was l e f t  to  c o o l  when c r y s t a l s  o f  d i n i t r o d i t o l y l  
s e p a r a t e d ,  w h ich  were  c o l l e c t e d ,  washed f i r s t  w i t h  a  l i t t l e  
c h l o r b e n z e n e  and t h e n  w i t h  p e t r o l e u m  e t h e r  ( b . p .  6 0 - 8 0 ° . )
The c h l o r b e n z e n e  r e s i d u e  l e f t  t o  e v a p o r a t e  s p o n t a n e o u s l y  
d e p o s i t e d  a n o t h e r  c ro p  o f  c r y s t a l s .
A f t e r  r e c r y s t a l l i s a t i o n  from g l a c i a l  a c e t i c  a c i d  th e  
2 : 2 ' - d i m e t h y l - 5 : 5 ' - d i n i t r o d i p h e n y l  h ad  m .p .  1 7 8 -1 7 9 ° .
Y i e l d  10 g .  (54^)
(3) P r e p a r a t i o n  o f  2 : 2 ' - d i m e t h v l - 5 : 5 ' - d i a m i n o d i p h e n y l .
(a)  U s in g  s t a n n o u s  c h l o r i d e  i n  h y d r o c h l o r i c  a c i d .
27 g .  (1 mol)  o f  2 : 2 ' - d i m e t h y l - 5 : 5 ' - d i n i t r o d i p h e n y l  
were warmed w i t h  20 c c .  o f  g l a c i a l  a c e t i c  a c i d  and 15 c c .  o f
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w a t e r  i n  a  rou n d  f l a s k .  114 g .  (6 m ois )  o f  s t a n n o u s  
c h l o r i d e  and 120  c c .  (12 m ois )  o f  h y d r o c h l o r i c  a c i d  were 
added and t h e  m ix t u r e  s h a k e n  a t  3 0 -4 0 ^ .  \Yhen th e  r e a c t i o n  
became v i g o r o u s  t h e  f l a s k  was c o o l e d  u n d e r  t h e  t a p .  A f t e r  
20  m i n u t e s  r e a c t i o n  had  c e a s e d ,  t h e  l i q u i d  was f i l t e r e d  
f r e e  f rom  u n u s e d  n i t r o  compound (4 g . )  and th e  f i l t r a t e  
b a s i f i e d  w i t h  150 g .  (36 mois)  o f  c a u s t i c  s o d a .  The 
p r e c i p i t a t e d  amino compound was e x t r a c t e d  w i t h  e t h e r .
A f t e r  r e m o v in g  the  e t h e r  t h e r e  was a b row n s t i c k y  r e s i d u e  
w hich  c o u l d  n o t  be made to  c r y s t a l l i s e .  With  b e n z a ld e h y d e  
and s a l i c y l a l d é h y d e  i t  fo rm ed  c r y s t a l l i n e  b e n z i l i d i n e  and 
s a l i c i d i n e  d e r i v a t i v e s ,  and t h e  c o n c l u s i o n  was drawn t h a t  i t  
was a  m i x t u r e  o f  t h e  monoamino-mono n i t r o -  and. th e  d ia m in o -  
compounds.  I t  was d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  and th e  
m a in  f r a c t i o n ,  b o i l i n g  2 4 0 -241°  a t  22 mm., was c o l l e c t e d  
s e p a r a t e l y .  A f t e r  c r y s t a l l i s i n g  from b en z en e  /  p e t r o l e u m  
e t h e r  ( b . p .  60 -80°)  t h i s  f r a c t i o n  had  m e l t i n g  p o i n t  9 5 - 9 6 ° .  
Y i e l d  9 g .  ( 5070)
(b) U s in g  i r o n  and w a t e r .
20 g .  o f  2 : 2 ' - d i m e t h y l - 5 : 5 ' - d i n i t r o d i p h e n y l  were  
added  t o  a  h o t  p a s t e  o f  30 g . o f  i r o n  and w a t e r  w i t h  2 c c .  
o f  g l a c i a l  a c e t i c  a c id  and. s t i r r e d  f o r  40 m i n u t e s . When 
r e a c t i o n  had  c e a s e d  t h e  b a s e  was e x t r a c t e d  w i t h  b o i l i n g  
a l c o h o l  and t h e  s o l u t i o n  f i l t e r e d  f r e e  f rom  i r o n .  Two
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t h i r d s  o f  t h e  a l c o h o l  were removed by e v a p o r a t i o n  a t  r e d u c e d  
p r e s s u r e  and th e  r e s i d u e  l e f t  to  c o o l .  Sm all  y e l l o w  
c r y s t a l s  s e p a r a t e d ,  w h ich  a f t e r  r e c r y s t a l l i s a t i o n  from 
b en z e n e  /  p e t r o l e u m  e t h e r  had m e l t i n g  p o i n t  9 6 - 9 7 ° .  The 
a l c o h o l i c  m o th e r  l i q u o r  was e v a p o r a t e d  and th e  same s t i c k y  
r e s i d u e  o b t a i n e d  as  i n  ( a ) .  I t  was vacuum d i s t i l l e d  and 
gave t h e  m ain  f r a c t i o n  b o i l i n g  a t  240 -241°  a t  22 mm.
T h i s  c r y s t a l l i s e d  from a l c o h o l  i n  c o l o u r l e s s  rho m b o h ed ra .  
m .p .  9 6 - 9 7 ° .
Y i e l d  7 g .  (52fü)
A n a l y s i s .
S u b s t a n c e  0*2011 g .
A f t e r  c o m b u s t io n ,  volume o f  n i t r o g e n  23*8 c c .
tem p. 2 4 ° ,  p r e s s u r e  763mm.
Found 13 • 27*? N .
C14 ÏÏ16U2 r e q u i r e s  13*27u
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2 . w;w' - T e t r a m e t l i y l - 2  :2'  - d i t o l y l  D e r i v a t i v e s  .
(1) B i p h e n i c  a c i d
was p r e p a r e d  by t h e  T u rn e r  m o d i f i c a t i o n  
o f  t h e  V o r l a n d e r  method (A nna len  1901 ,  3 0 2 . 136) .
( 2 ) The a c i d  c h l o r i d e
was p r e p a r e d  by t h e  a c t i o n  o f  t h i o n y l  
c h l o r i d e  on d i p h e n i c  a c i d ,  a c c o r d i n g  t o  th e  m ethod d e s c r i b e d  
by B e l l  & R o b in s o n  ( J . C . S .  1927 ,  1695) .
(3)  A c t i o n  o f  QHgMgl on  d i c h l o r i d e  o f  d i p h e n i c  a c i d .
P r e p a r a t i o n  o f  (  J—  ^ ) and ( j—C — )
CMe CJWtj C-Mcj
I) I ‘ ' M
O O H  o H OW
The G r ig n a r d  r e a g e n t  was p r e p a r e d  hy a d d in g  
40 g .  (8 m ois )  m e th y l  i o d i d e  t o  10 g .  (12 a toms) o f  m agnes inm 
i n  100  c c .  o f  d ry  e t h e r .  The d e c a n te d  s o l u t i o n  was c o o le d  
i n  i c e - w a t e r  and  9 g .  (1 mol)  o f  a c i d  c h l o r i d e  added  s lo w ly  
i n  1 g .  p o r t i o n s .  When th e  r e a c t i o n  had  s u b s i d e d  t h e  
m i x t u r e  was r e f l u x e d  f o r  2 - 3  h o u r s  on  th e  w a t e r  h a t h .  The 
com plex  was decomposed w i t h  a  m i x t u r e  o f  60 c c .  o f  w a t e r  and 
16 c c .  o f  g l a c i a l  a c e t i c  a c i d ,  added  d ro p  hy d r o p ,  
c a u t i o u s l y  a t  f i r s t ,  t h e  f l a s k  b e i n g  c o o l e d  i n  a  f r e e z i n g
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m i x t u r e .
The e t h e r e a l  l a y e r  was w ashed  w i t h  w a t e r ,  w i t h  d i l u t e  
c a u s t i c  s o d a  s o l u t i o n ,  and  a g a i n  w i t h  w a t e r ,  and t h e n  d r i e d  
o v e r  a n h y d ro u s  p o t a s s i u m  c a r b o n a t e . Removal o f  t h e  s o l v e n t  
gave a  y e l l o w i s h  s e m i - c r y s t a l l i n e  r e s i d u e  (8 g . )  v e r y  
s o l u b l e  i n  a l c o h o l ,  a c e t o n e , b e n z e n e ,  c h l o r o f o r m  and g l a c i a l  
a c e t i c  a c i d ,  f a i r l y  s o l u b l e  i n  x y l e n e .  I t  was c r y s t a l l i s e d  
from l i g h t  p e t r o l e u m  ( b . p .  8 0 - 1 0 0 ° )  and s e p a r a t e d  i n t o  two 
f r a c t i o n s ,  A and B.
I s o l a t i o n  o f  t h e  G l y c o l . A f t e r  f r a c t i o n a l  c r y s t a l l i s a t i o n  
from l i g h t  p e t r o l e u m  ( b . p .  6 0 -8 0 ° )  t h e  more s o l u b l e  f r a c t i o n ,
A, h a d  m .p .  1 3 8 - 1 3 9 ° ,  ( s u c c e s s i v e  f r a c t i o n s  m e l t e d  a t  a b o u t  
1 1 4 ° ,  1 2 2 ° ,  1 2 9 ° ,  1 3 5 ° ,  1 3 8 ° ,  1 3 8 ° ) ,  and  c r y s t a l l i a e d  i n  
c o l o u r l e s s  r e c t a n g u l a r  p r i s m s .  Y i e l d  2 g .
A n a l y s i s . F r a c t i o n  A.
Pound : -  (1) c . 80*0 ; H, 8-Oÿ'o .
(2) C, 79 -6 ; H, 7 -9^  .
GI8H22O2 r e q u i r e s C, 79 -9 5 ; H. 8 -2 0 ^
I s o l a t i o n  o f t h e a l c o h o l - - k e t o n e . The
r e s i d u e ,  B, h a d  m .p .  1 6 4 -1 6 5 °  ( s u c c e s s i v e  v a l u e s  1 4 5 ° ,  
1 5 8 ° ,  1 6 2 ° ,  1 6 4 ° ) ,  and  c r y s t a l l i s e d  f rom a c e t o n e / P . E .  
( b . p .  60-800)  i n  c o l o u r l e s s  n e e d l e s . Y i e l d  2 g .
80 .
A n a l y s i s ■ F r a c t i o n  B.
F o u n d : -  ( l )  C, 80 *1 ; H, 6-975
(2) C. 80-0 ; H, 6*876
C17H18O2 r e q u i r e s  C, 8 0 -27  ; H, 7-1356
P r o l o n g e d  h e a t i n g  u n d e r  r e f l u x  o r  a d d i t i o n  o f  benzene  to  
t h e  G r i g n a r d  complex had th e  e f f e c t  o f  s l i g h t l y  i n c r e a s i n g
t h e  y i e l d  o f  g l y c o l ,  b u t  n e v e r  more t h a n  2 . 5  g .  was
o b t a i n e d .  R e p e a te d  e x t r a c t i o n  o f  th e  w a t e r  l a y e r  w i t h  
e t h e r  d i d  n o t  m a t e r i a l l y  i n c r e a s e  th e  y i e l d ,  f o r  a l t h o u g h  
t h e  e t h e r e a l  l a y e r  d e v e lo p e d  a y e l l o w i s h  c o l o u r  a lm o s t  
i n e x h a u s t i b l y  i t  was d i s c h a r g e d  d u r i n g  t h e  c a u s t i c - s o d a  
w a s h in g ,  and on rem o v a l  o f  t h e  s o l v e n t  0*2 g o f  a g l u e - l i k e  
r e s i d u e  was o b t a i n e d .
(2 '  ) E s t é r i f i c a t i o n  o f  a l c o h o l - k e t o n e .
2 - 5  g .  (1 mol) o f  t h e  a l c o h o l - k e t o n e  were d i s s o l v e d  
i n  10 c c .  o f  p u r e ,  d ry  p y r i d i n e  and th e  s o l u t i o n  c o o l e d  i n  
i c e .  1 - 2  CO.  (1 mol) o f  b e n z o y l  c h l o r i d e  were added s l o w l y ,  
and t h e  m i x t u r e  l e f t  i n  a co rk ed  f l a s k  o v e r n i g h t .  A deep
r e d  c o l o u r  d e v e lo p e d  and a p r e c i p i t a t e  o f  p y r i d i n e
h y d r o c h l o r i d e  a c c u m u la t e d .  C o ld ,  d i l u t e  s u l p h u r i c  a c i d
was ad d e d ,  and t h e n  e t h e r .  There  was im m ed ia te  h y d r o l y s i s ,
and 2 g .  o f  a l c o h o l  k e to n e  were e x t r a c t e d .
The same q u a n t i t i e s  o f  a l c o h o l - k e t o n e  and b e n z o y l  
c h l o r i d e  were  t h e n  d i s s o l v e d  i n  20 c c .  o f  b en zen e  and 0 . 7  g .
81 .  .
(1 mol) o f  p y r i d i n e  ad ded .  A f t e r  s e v e r a l  h o u r s  t h e  
p r e c i p i t a t e  o f  p y r i d i n e  h y d r o c h l o r i d e  was f i l t e r e d  o f f ,  
and th e  f i l t r a t e  e v a p o r a t e d  i n  v ac u o .  The r e s i d u e  was l e f t  
o v e r n i g h t  i n  a  vacuum d e s s i c a t o r ,  and c o l o u r l e s s  p r i s m s  
s e p a r a t e d .  These had a s t r o n g  e s t e r - l i k e  o d o u r ,  and were 
e x t r e m e l y  d e l i q u e s c e n t ,  becom ing l iq u id ,  w i t h i n  two m in u te s  
o f  r e m o v a l  f rom  th e  d e s s i c a t o r .
( s '  ) P h e n y l  h y d r a z i n e  i n  b o i l i n g  a c e t i c  a c i d  s o l u t i o n  had  
no e f f e c t  on th e  a l c o h o l - k e t o n e .  A s o l u t i o n  was formed b u t  
on d i l u t i n g  w i t h  w a t e r  t h e  s t a r t i n g  m a t e r i a l  was r e c o v e r e d  
u n c h a n g e d .
(4) A c t i o n  o f  CH.^vIgl on d i a c e t y l d i p h e n y l .
P r e p a r a t i o n  o f  (  J )  •
I '
OH OH-
12 g .  ( l  mol) o f  d i a c e t y l d i p h e n y l  were  added 
s lo w ly  i n  2 g . p o r t i o n s  to  t h e  c o o l e d  G r i g n a r d  r e a g e n t  
o b t a i n e d  f rom 8 g .  (8 a tom s)  o f  magnesium and 28 g .  (4 m ois)  
o f  m e th y l  i o d i d e  i n  80 c c .  o f  d ry  e t h e r .  The m ix tu re ,  was 
h e a t e d  g e n t l y  f o r  3 h o u r s  u n d e r  r e f l u x ,  and t h e n  decomposed 
w i t h  a m ix t u r e  o f  12 c c .  o f  g l a c i a l  a c e t i c  a c i d  and 50 c c .  
o f  w a t e r ,  added  c a u t i o u s l y  a t  f i r s t  w h i l e  c o o l i n g  th e  f l a s k  
i n  i c e - w a t e r .  The e t h e r e a l  l a y e r  was washed w i t h  d i l u t e  
c a u s t i c  so d a  s o l u t i o n  and t h e n  w i t h  w a t e r ,  d r i e d  o v e r  
an h y d ro u s  p o t a s s i u m  c a r b o n a t e ,  and th e  s o l v e n t  a l lo w e d  to
8 2 .
e v a p o r a t e  s p o n t a n e o u s l y .  10 g ,  o f  a lm o s t  p u re  g l y c o l  
s e p a r a t e d  as  l a r g e ,  s t o u t ,  r h o m b o h ed ra l  p r i s m s .  These 
c r y s t a l l i s e d  f rom l i g h t  p e t r o l e u m  ( h . p .  8 0 -1 0 0 ° )  as  
r e c t a n g u l a r  p r i s m s  m .p .  1 3 8 -1 3 9 ° .
Y i e l d  8 g .  6O70.
(5) D im e th y l  d i p h e n a t e  was p r e p a r e d  hy r e f l u x i n g  20 g .  
o f  d i p h e n i c  a c i d  w i t h  120 g .  o f  a b s o l u t e  m e th y l  a l c o h o l  and 
10 g .  o f  c o n e . s u l p h u r i c  a c i d  f o r  3 h o u r s .  The p r o d u c t  was 
p o u r e d  i n t o  s t r o n g  b r i n e  (200 g .  o f  s a l t  i n  1 l i t r e  o f  
w a t e r )  and e x t r a c t e d  w i t h  e t h e r .  A f t e r  b e i n g  washed w i t h  
d i l u t e  sodium c a r b o n a t e  s o l u t i o n ,  and d r i e d  o v e r  c a lc iu m  
c h l o r i d e ,  th e  e t h e r  was e v a p o r a t e d  and th e  r e s i d u e  
c r y s t a l l i s e d  from m e th y l  a l c o h o l .
Y i e l d  21 g .  927L
(6) A c t i o n  o f  CHglifgl on d i m e t h y l  d i p h e n a t e .
P r e p a r a t i o n  o f  { ^ .
/ I 
OH o H
9 g . (1 mol)  o f  d im e th y l  d i p h e n a t e  were added 
i n  t h r e e  p o r t i o n s  t o  t h e  G r i g n a r d  r e a g e n t  o b t a i n e d  from 
50 g . (10 m o is )  o f  m e th y l  i o d i d e  and 10 g .  (12 a toms)  o f  
magnesium i n  100 c c .  o f  dry  e t h e r ,  and th e  p r o d u c t  r e f l u x e d  
f o r  3 h o u r s .  The complex was decomposed w i t h  a s o l u t i o n  
o f  16 c c .  o f  g l a c i a l  a c e t i c  a c i d  i n  60 c c .  o f  w a t e r ,  added
83.
c a r e f u l l y  a t  f i r s t  w i t h  c o o l i n g .  The e t h e r e a l  l a y e r  was 
washed t h r e e  t im e s  w i t h  d i l u t e  c a u s t i c  so d a  s o l u t i o n  and 
once w i t h  w a t e r ,  d r i e d  o v e r  anhydrous  p o t a s s i u m  c a r b o n a t e ,  
and th e  e t h e r  e v a p o r a t e d . The c r y s t a l l i n e  r e s i d u e  was 
c r y s t a l l i s e d  from l i g h t  p e t r o l e u m  ( b . p .  80 -100^)  and had 
m .p .  1 3 8 - 1 3 9 ° .
Y i e l d  4 g .  4576.
The a l k a l i n e  w a sh in g s  were a c i d i f i e d  and gave 3 g .  o f  
p r e c i p i t a t e ,  p r o b a b l y  an a c i d  o r  l a c t o n e ,  w h ich  melted, 
r o u g h ly  a t  150^ .  A d d i t i o n  o f  50 c c .  o f  p u r e ,  d ry  b en zen e  
t o  t h e  r e f l u x i n g  m ix tu r e  d i d  n o t  a f f e c t  t h e  y i e l d .
(7) A c t i o n  o f  CH^Mgl on t h e  a l c o h o l - k e t o n e .
P r e p a r a t i o n  o f  (  \ ) •
OH O H
5 g .  (1 mol)  o f  a l c o h o l - k e t o n e  were added  i n  
3 p o r t i o n s  t o  e x c e s s  o f  G r i g n a r d  r e a g e n t  p r e p a r e d  from 
10 g .  (4 m ois )  o f  m e th y l  i o d i d e ,  2 g .  (4 a toms) o f  magnesium 
i n  50 c c .  o f  d ry  e t h e r ,  and th e  p r o d u c t  r e f l u x e d  f o r  6 
h o u r s .  I t  was decomposed w i t h  a s o l u t i o n  o f  10 c c . o f  
g l a c i a l  a c e t i c  a c id  i n  40 c c .  o f  w a t e r .  The e v o l u t i o n  o f  
l a r g e  q u a n t i t i e s  o f  g as  i n d i c a t e d  t h a t  much o f  th e  G r i g n a r d  
r e a g e n t  had n o t  b e e n  u s e d .  The e t h e r e a l  l a y e r  was 
s e p a r a t e d ,  washed w i t h  w a t e r  and d r i e d  o v e r  a n h y d ro u s  
p o t a s s i u m  c a r b o n a t e  and t h e  e t h e r  e v a p o r a t e d .  F r a c t i o n a l
84.
c r y s t a l l i s a t i o n  o f  t h e  r e s i d u e  from p e t r o l e u m  e t h e r
( h . p .  60-80*^) gave a f i n a l  c rop  o f  p u re  g l y c o l  m . p . 1 3 8 -1 3 9 ° .
Y i e l d  1 g .  (1076)
(8) A c t i o n  o f  p h o sp h o ru s  t r i h r o m i d e  on th e  g l y c o l . 
P r e p a r a t i o n  o f  t h e  h y d r o c a r b o n  (----- ) ) •.
CNc c ^ <
II "
C H i. C Jix
1 g .  o f  t h e  g l y c o l  was co v e red  w i t h  5 c c .  o f  
p h o s p h o r u s  t r i b r o m i d e  i n  a s m a l l ,  d ry  f l a s k  f i t t e d  w i t h  a 
c a l c i u m  c h l o r i d e  d r y i n g  t u b e .  A b ro w n - re d  s o l u t i o n  fo rm ed ,  
w i t h  h e a t  e v o l u t i o n .  T h i s  was k e p t  warm on th e  w a t e r - b a t h  
f o r  15 m in s .  and t h e n  p o u red  c a r e f u l l y  on to  i c e .  % e n  
m ost  o f  t h e  i c e  had  m e l t e d  t h e  p r o d u c t  was e x t r a c t e d  w i t h  
e t h e r ,  th e  e x t r a c t  d r i e d  o v e r  an h y d ro u s  p o ta s s i u m  c a r b o n a t e  
and t h e  s o l v e n t  r a p i d l y  removed on a b o i l i n g  w a t e r - b a t h  
(10 m i n s . )  The r e s i d u e  was c o o led  and r e a d i l y  s o l i d i f i e d  
to  a w h i t e ,  opaque m ass ,  w h ich  c r y s t a l l i s e d  from  l i g h t  
p e t r o l e u m  ( b . p .  4 0 -6 0 ° )  as  c o l o u r l e s s  p r i s m s ,  m .p .  9 7 - 9 8 ° .  
Y i e l d  0 - 7  g .  (877o)
A n a l y s i s .
P o u n d : -  C, 9 2 - 1 ( 5 ) ;  E ,  7-8fi>
C1 8H18  r e q u i r e s  C, 92-22 ; H, 7-74fo
8 5 .
I n f l u e n c e  o f  a s o l v e n t .
5 c c .  o f  p h o sp h o ru s  t r i b r o m i d e  i n  b o i l i n g  c h l o ro f o rm  
s o l u t i o n  were  t r e a t e d  w i t h  1 g .  o f  th e  g l y c o l .  A 
homogeneous s o l u t i o n  was form ed and a f t e r  10 m in s .  on th e  
w a t e r - b a t h  t h i s  was c a r e f u l l y  washed w i t h  i c e - w a t e r ,  t h e n  
d r i e d  o v e r  EgOOg and th e  c h l o r o f o r m  e v a p o r a t e d .  A g l u e ­
l i k e  r e s i d u e  was o b t a i n e d  w h ich ,  a f t e r  one c r y s t a l l i s a t i o n  
f rom  p e t r o l e u m  e t h e r  ( b . p .  60 -8 0 ° )  had m .p .  1 3 8 -1 3 9 °  and 
was i d e n t i f i e d  as  th e  g l y c o l .
(9) A c t i o n  o f  PBrg-PBr^  m ix tu r e  on t h e  g l y c o l .
P r e p a r a t i o n  o f  (  ) ^  .
O 'U  CMc 
II K ,
5 g .  o f  p h o s p h o ru s  p e n ta b ro m id e  were 
d i s s o l v e d  i n  5 g .  o f  p h o s p h o ru s  t r i b r o m i d e  a t  10 0 ° ,  and 
1 g .  o f  g l y c o l  ad ded .  A f t e r  s t a n d i n g  on t h e  w a t e r - b a t h  
f o r  20 m i n s . t h e  s o l u t i o n  was c a r e f u l l y  p o u r e d  on to  i c e  
and t h e  p r o d u c t  e t h e r - e x t r a c t e d .  Removal o f  t h e  s o l v e n t  
gave 0*8 g .  o f  r e s i d u e  w h ich  c r y s t a l l i s e d  f rom l i g h t  
p e t r o l e u m  ( b . p .  4 0 -6 0 ° )  as  c o l o u r l e s s  p r i s m s ,  m . p . 9 7 - 9 8 ° .
(10) A c t i o n  o f  p h o s p h o ru s  t r i b r o m i d e  on t h e  
a l c o h o l - k e t o n e .
1 g .  o f  a l c o h o l  k e to n e  was added  to  5 c c . o f  
p h o s p h o ru s  t r i b r o m i d e  i n  a  s m a l l ,  d ry  f l a s k  f i t t e d  w i t h  a 
c a l c i u m  c h l o r i d e  t u b e .  On warming t h e  f l a s k  g e n t l y  on  th e  
w a t e r  b a t h  a  v i g o r o u s  r e a c t i o n  s e t  i n .  A f t e r  25 m in s .  t h e
8 6 .
s o l u t i o n  was c o o l e d  and p o u r e d ,  v e r y  s l o w ly ,  on to  i c e .
A t h i c k  c o l o u r l e s s  o i l  s e t t l e d  to  t h e  b o t to m .  On a d d in g  
e t h e r  t h e r e  was im m edia te  h y d r o l y s i s ,  t h e  whole m ix tu r e  
s u r g e d  and b o i l e d  v i g o r o u s l y .  A f t e r  some t i m e , more e t h e r  
was added  and 0*7 g . o f  a l c o h o l - k e t o n e  were r e c o v e r e d .
(11) A c t i o n  o f  d ry  H C l-gas  on th e  g l y c o l .
P r e p a r a t i o n  o f
O H e OM«. 
II I)
T h is  r e a c t i o n  was c a r r i e d  o u t  u n d e r  c o n d i t i o n s  
o f  s p e c i a l  p r e c a u t i o n  to  e n s u re  t h a t  a l l  m o i s t u r e  was 
e x c l u d e d  from th e  a p p a r a t u s  and t h a t  any w a t e r  formed d u r i n g  
th e  r e a c t i o n  was a t  once removed.
4 g .  o f  g l y c o l  w ere  i n t r o d u c e d  i n t o  a s m a l l  b o l t - h e a d  f l a s k ,  
f i t t e d  w i t h  an  i n l e t  tube  f rom  an  HCl g e n e r a t o r  and an e x i t  
tu b e  l e a d i n g  t h r o u g h  two C aC lg -p ack ed  U - t u b e s  to  t h e  
a t m o s p h e r e .  The f l a s k ,  t u b i n g ,  c o r k s  and U - tu b e s  had a l l  
b e e n  d r i e d  i n  an  a i r  oven  a t  1 2 0 ° .  The gas  was g e n e r a t e d  
by d r o p p i n g  c o n e . s u l p h u r i c  a c i d  i n t o  c o n e . h y d r o c h l o r i c  
a c i d ,  and was d r i e d  by b u b b l i n g  th r o u g h  two D r e c h s e l  b o t t l e s  
c o n t a i n i n g  c o n e . s u l p h u r i c  a c i d .  The e x i t  tu b e  was h e a v i l y  
l a g g e d  w i t h  c o t t o n  wool and a s b e s t o s  p a p e r ,  and any w a t e r  
p ro d u c e d  by th e  r e a c t i o n  was c o l l e c t e d  i n  two b u l b s  on th e  
f i r s t  c a l c i u m  c h l o r i d e  t u b e .
The f l a s k  was immersed i n  a b a t h  o f  p a r a f f i n  o i l  and 
h e a t e d  t o  150°  f o r  h a l f  an  h o u r .  H C l-g as  was t h e n  p a s s e d  i n
87.
a t  th e  r a t e  o f  one h u h h le  p e r  second  (from 0*5 cm t u b i n g ) .  
A f t e r  f i v e  m i n u t e s  w a t e r  was c o n d e n s in g  i n  t h e  e x i t  t u b e ,  and 
l a t e r  i n  t h e  b u l b - t r a p ,  and soon  b e g a n  to  c a r r y  w i t h  i t  a 
v o l a t i l e  p r o d u c t .  The t e m p e r a t u r e  was t h e r e f o r e  lo w e re d  t o  
120° a f t e r  15 m i n u t e s ,  and m a i n t a i n e d  f o r  a f u r t h e r  50 mins 
The ÏÏG1 was t h e n  r e p l a c e d  by a c u r r e n t  o f  n i t r o g e n  and th e  
f l a s k  a l l o w e d  to  c o o l .
A f t e r  s e v e r a l  h o u r s  t h e  f l a s k  was d i s c o n n e c t e d  and 50 c c .  
o f  l i g h t  p e t r o l e u m ,  b . p .  6 0 - 8 0 ° ,  ( d r i e d  by r e f l u x i n g  o v e r  
c a l c i u m  c h l o r i d e )  were p o u re d  o n to  th e  p r o d u c t .  The s o l u t i o n
was t r a n s f e r r e d  t o  a dry d i s h  and l e f t  to  e v a p o r a t e  o v e r n i g h t
i n  a  d e s i c c a t o r .  A s e m i - c r y s t a l l i n e  r e s i d u e  was o b t a i n e d ,  
w h ich  was washed w i t h  a  l i t t l e  a l c o h o l  and t h e n  c r y s t a l l i s e d  
f rom  l i g h t  p e t r o l e u m  b . p .  4 0 - 6 0 ° .  C o l o u r l e s s  p r i s m s  
m .p .  9 7 - 9 8 ° .
A n a l y s i s .
Found : -  G, 92*1(5)  ; H, 7*87^.
Gi 8 % 8  i"Gq.^ires C, 92*22 ; H, 7*7476.
(12) A c t i o n  of  d ry  H G l-gas  on  t h e  a l c o h o l - k e t o n e .
The method was a s  i n  t h e  p r e v i o u s  e x p e r i m e n t .  
The r e a c t i o n  was s t a r t e d  a t  170° and c o m p le te d  a t  1 2 0 ° .
The p r o d u c t  was e x t r a c t e d  w i t h  l i g h t  p e t r o l e u m  ( b . p . 6 0 -8 0 ° )  
b u t  as  no c r y s t a l s  co u ld  be o b t a i n e d  from t h i s  s o l u t i o n  th e  
s o l v e n t  was e v a p o r a t e d ,  t h e  r e s i d u e  t a k e n  up i n  a b s o l u t e
8 8 .
a l c o h o l  and p r e c i p i t a t e d  w i t h  c o n e . HGl.
C o l o u r l e s s  n e e d l e s  s e p a r a t e d ,  which  were  shown to  c o n t a i n  
c h l o r i n e  and m e l t e d  a t  6 5 - 6 6 ° .  F u r t h e r  c r y s t a l l i s a t i o n  
from  t h e  same s o l v e n t  d i d  n o t  change th e  m .p .  a l t h o u g h  
a n a l y s i s  showed t h a t  th e  s u b s t a n c e  was n o t  a d e f i n i t e  
compound.
A n a l y s i s .
Wt. o f  s u b s t a n c e  t a k e n  = 0*1266 g .
Wt. o f  AgCl = 0*0210 g .
Whence 01 = 4*1^ .
C iY ^^O C l  r e q u i r e s  13*176 01 .
89.
3 .  w:w' - T e t r a p h e n y l - 2 : 2 ' - d i t o l y l  D e r i v a t i v e s .
(1)  P r e p a r a t i o n  o f  ( ^ (  ) •
CPk, 
'  o H -  'o h
The method u s e d  was t h a t  o f  T s c h i t s c h i h a h i n  and 
S s e r g e j e f f .  ( B e r . , 1926, 5£, 6 5 4 ) .
(2)  A c t i o n  o f  p h o s p h o ru s  t r i h r o m i d e  on th e  g l y c o l .
P r e p a r a t i o n  o f  C ) ( ) •OPU-.
5 g .  o f  t h e  g l y c o l  was added  to  15 g . o f  
p h o s p h o r u s  t r i h r o m i d e  u n d e r  r e f l u x ,  and  th e  m ix t u r e  h e a t e d  
g e n t l y  on th e  w a t e r  h a t h  u n t i l  a l l  had d i s s o l v e d  (10 m in s . )  
The s o l u t i o n  was p o u re d  c a r e f u l l y  on to  i c e ,  t h e  w h i t e  
g r a n u l a r  p r e c i p i t a t e  f i l t e r e d  o f f ,  washed w i t h  i c e - w a t e r  
and im m e d ia te ly  d r i e d  i n  v a c u o .
( I f  t h e  r e a c t i o n  m i x t u r e  was p o u re d  q u i c k l y  o n to  i c e ,  
v i g o r o u s  h y d r o l y s i s  o c c u r r e d  and th e  g l y c o l  was f o rm e d . )  
T h i s  c ru d e  p r o d u c t  was h i g h l y  h y g r o s c o p i c .  I t  was shown 
t o  c o n t a i n  b ro m in e ,  and m e l t e d  a t  105° w i t h  a p p a r e n t  
e v o l u t i o n  o f  HBr. I t  c o u ld  n o t  be o b t a i n e d  i n  a  p u r e r  
c o n d i t i o n ,  a l l  a t t e m p t s  to  c r y s t a l l i s e  i t  y i e l d e d  t h e  
g l y c o l .
90.
(3) A c t i o n  o f  d im e th y 1a n i l i n e  i n  benzene  s o l u t i o n .
A s m a l l  p o r t i o n  o f  t h e  c rude  p r o d u c t  i n  b en zen e
s o l u t i o n  was b o i l e d  u n d e r  r e f l u x  w i t h  a  few d ro p s  of  
d i m e t h y l a n i l i n e . On c o o l i n g ,  no c r y s t a l s  s e p a r a t e d  and th e
brom ine  compound was un ch a n g ed .
(4) E f f e c t  o f  d ry  H Cl-gas  on t h e  g l y c o l .
. A c u r r e n t  o f  d ry  HCl gas  was p a s se d  o v e r  E g .  o f
t h e  g l y c o l "i n  a f l a s k  h e a t e d  i n  a  p a r a f f i n  b a t h .  The 
t e m p e r a t u r e  was r a i s e d  to  20 0 ° ,  b u t  no change o c c u r r e d .
(5) P r e p a r a t i o n  o f  th e  g l y c o l  a n h y d r i d e , (  ^ )
o
The m ethod  o f  T s c h i t s c h i b a b i n  and S s e r g e j e f f  was 
u s e d  ( B e r . ,  1926 ,  59,  6 5 4 ) .
(6) A c t i o n  o f  p i p e r i d i n e  on t h e  a n h y d r i d e .
2*5 g .  o f  a n h y d r id e  and 2 c c .  o f  p u r e ,  an h y d ro u s
p i p e r i d i n e  were  h e a t e d  i n  a s e a l e d  tu b e  on th e  w a t e r  b a t h  
f o r  6 h o u r s ,  and t h e n  i n  a  p a r a f f i n  b a t h  a t  120° f o r  a
f u r t h e r  2 h o u r s .  The p r o d u c t  was d i g e s t e d  and w e l l  washed
w i t h  a l c o h o l  and t h e n  l e f t  t o  s t a n d  f o r  t h r e e  days  i n  a
vacuum d e s i c c a t o r .  I t  t h e n  w e ig h e d  2*3 g .  and had m . p . 290^ 
and was r e c o g n i s e d  a s  unchanged  a n h y d r i d e .  The a l c o h o l  
w a s h in g s  were e v a p o r a t e d  and l e f t  no r e s i d u e .
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( V) A c t i o n  o f  a n i l i n e  on th e  a n h y d r i d e .
5 c c .  o f  p u r e ,  r e d i s t i l l e d ,  a n i l i n e  were b o i l e d  
u n d e r  r e f l u x  w i t h  0*5 g .  o f  a n h y d r id e  f o r  5 h o u r s .  The 
s o l u t i o n  d a r k e n e d  c o n s i d e r a b l y .  Steam was t h e n  p a s s e d  
t h r o u g h  u n t i l  a l l  t h e  a n i l i n e  had b ee n  removed (1 h o u r )  
and t h e  r e s i d u e  e x t r a c t e d  w i t h  e t h e r . Removal of  t h e  
s o l v e n t  gave 0*2 g .  o f  a d a rk  r e d -b ro w n  r e s i d u e .  T h is  
was c a r e f u l l y  washed w i t h  a l i t t l e  a c e to n e  and 0*15 g .  
o f  a n h y d r id e  were r e c o v e r e d .
(8) A c t i o n  o f  d ry  HGl gas  on a n h y d r i d e .
0*5 g .  o f  a n h y d r id e  were  d i s s o l v e d  i n  10 c c .  o f  
g l a c i a l  a c e t i c  a c i d  a t  100° and d ry  ECl g as  was p a s s e d  
i n  f o r  2 h o u r s .  No change o c c u r r e d .  0*4 g .  of  
a n h y d r id e  were  r e c o v e r e d .
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EXPERIMENTS ON 6-BROMOPIPERONAL.
P r e p a r a t i o n  o f  ô - b r o m o p i p e r o n a l .
50 g .  o f  p i p e r o n a l  were  d i s s o l v e d  i n  100 c c .  of 
h o t  c a r b o n  t e t r a c h l o r i d e .  One c r y s t a l  o f  i o d i n e  was 
a d d e d ,  and t h e n ,  s l o w l y ,  a  s o l u t i o n  o f  20 c c .  o f  b romine 
i n  50 c c .  o f  t e t r a c h l o r i d e .  Towards the  end o f  t h e  
a d d i t i o n  t h e  m ix t u r e  b eg a n  to  b o i l  and was k e p t  b o i l i n g  
f o r  2-| h o u r s .  I t  was t h e n  c o o le d  and l e f t  s t a n d i n g  
o v e r n i g h t ,  when c r y s t a l s  o f  b r o m o p ip e r o n a l  s e p a r a t e d .  
These  w ere  f i l t e r e d  o f f ,  w ashed  f i r s t  w i t h  c a rb o n  
t e t r a c h l o r i d e ,  p r e s s e d  w e l l  and t h e n  washed w i t h  a l i t t l e  
a l c o h o l .  C r y s t a l l i s a t i o n  from a l c o h o l  gave c o l o u r l e s s  
n e e d l e s .  m .p .  1 2 8 -1 2 9 ° .
Y i e l d - 27 g .  407L
A c t i o n  o f  c o p p e r  b ro n z e  on 6 - b r o m o p i p e r o n a l .
50 g .  o f  6 - b ro m o p i p e r o n a l  were h e a t e d  w i t h  10 g .  o f  
Ju d ex  c o p p e r  b ro n z e  i n  an  a tm o sp h e re  o f  COg i n  a b o i l i n g  
tu b e  i n  a m e t a l  b a t h .  The d e l i v e r y  tu b e  f rom th e  E i p p ' s  
a p p a r a t u s  s e rv e d  c o n v e n i e n t l y  as  a  s t i r r e r .  No r e a c t i o n  
o c c u r r e d  b e lo w  235^ .  I f  t h e  m i x t u r e  was e x t r a c t e d  a t
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t h i s  t e m p e r a t u r e  b r o m o p ip e r o n a l  was r e c o v e r e d  u n c h a n g e d .
At 240° a  v i g o r o u s  r e a c t i o n  s e t  i n ,  t h e  t e m p e r a t u r e  r o s e  
r a p i d l y  t o  280° w i t h  b o i l i n g  and b l a c k e n i n g  o f  t h e  whole 
mass ( b . p .  o f  6 - b ro m o p ip e r o n a l  i s  3 2 0 ° ) .
The m i x t u r e  was e x t r a c t e d  w i t h  m onoch lo rbenzene  and th e  
s o l v e n t  rem oved .  A d a rk -b ro w n  g l u e - l i k e  mass r e m a in e d .
On e x t r a c t i n g  t h i s  w i t h  sodium b i s u l p h i t e  and b a s i f y i n g  
a p r e c i p i t a t e  o f  p i p e r o n a l  o n ly  a p p e a re d  (m .p .  3 7 ° ) ,  no 
t r a c e  o f  a  d i a l d e h y d e  co u ld  be d e t e c t e d .  I t  was c o n c lu d e d  
t h a t  some ty p e  o f  a u t o - r e d u c t i o n  had o c c u r r e d ,  th e  b l a c k e n i n g  
p r o b a b l y  b e i n g  due to  f o r m a t i o n  o f  c u p r i c  o x i d e .
A c t i o n  o f  a c e t i c  a n h y d r id e  on 6 - b r o m o p i p e r o n a l .
( l )  23 g .  (1 mol) o f  6 - b ro m o p ip e r o n a l  were h e a t e d
u n d e r  r e f l u : ?  w i t h  10 g .  (1 mole)  o f  a c e t i c  a n h y d r id e  and 
2 c c .  o f  g l a c i a l  a c e t i c  a c id  f o r  t h r e e  h o u r s .  The p r e s e n c e  
o f  a few grams o f  c o p p e r  s u l p h a t e  as  c a t a l y s t  was found to
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improve t h e  y i e l d .  The p r o d u c t  was p o u red  i n t o  w a t e r ,  
t h e  p r e c i p i t a t e  w e l l  w ashed ,  d r i e d ,  and c r y s t a l l i s e d  from 
a l c o h o l  o r  b e n z e n e .
m .p .  9 9 - 1 0 0 ° .
At 185° a p p a r e n t  b o i l i n g  o c c u r s  w i t h  a e c o m p o s i t i o n  i n t o  
a c e t i c  a c id  and 6 - b ro m o p i p e r o n a l  (w hich  s u b l i m e s  r e a d . i l y )  . 
Y i e l d  33 gms. 100),
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A n a l y s i s .
Wt. o f  s u b s t a n c e  0 -2162  g .  Wt. o f  AgBr 0 -1382 g .
whence,  J6 Br = 27-2
D i a c e t a t e  , r e q u i r e s  23*97- Br
M o n o - a c e t i c  s o l v a t e ,  OgSgOgBr.OgE^Og r e q u i r e s  27-676 B r .
(2)  Z in c  c h l o r i d e  and (3) c o n e . s u l p h u r i c  a c i d  were 
t r i e d  as  c o n d e n s in g  a g e n t s ,  b u t  b o t h  caused  c o n s i d e r a b l e  
c h a r r i n g ,  t h e  s o l u t i o n  t u r n e d  d a r k  and rem a in e d  c l e a r  
when p o u r e d  i n t o  w a t e r .
A c t i o n  o f  c o p p e r  b ro n z e  on 6 -b ro m o p ip e r o n a l  a c e t a t e .
20 g .  o f  b r o m o p i p e r o n a l .1 CEgCOgS were h e a t e d  i n  a  
b o i l i n g  tu b e  w i t h  5 g .  o f  c o p p e r  b r o n z e . At 120° 
a p p a r e n t  b o i l i n g  o c c u r r e d ,  a c e t i c  a c i d  v a p o u r  was e v o lv e d  
c o n v e r t i n g  t h e  c o p p e r  i n t o  a c e t a t e ,  and a g r e e n i s h - w h i t e  
d e p o s i t  a p p e a r e d .  The p r o d u c t  was e x t r a c t e d  w i t h  
c h l o r b e n z e n e  and th e  s o l v e n t  removed.  Only a s m a l l  
q u a n t i t y  o f  g r e y i s h - c o l o u r e d  powder o f  h ig h  m .p .  r e m a in e d .
P r e p a r a t i o n  o f  6 - b r o m o p i p e r o n y l i d e n e a n i l i n e .
46 g .  (1 mole)  o f  b r o m o p ip e r o n a l  were d i s s o l v e d  i n  
300 c c . o f  a b s o l u t e  a l c o h o l  u n d e r  r e f l u x  and 18 g .  (1 mole) 
o f  p u re  r e d i s t i l l e d  a n i l i n e  a d d e d ,  and t h e  m ix t u r e  b o i l e d  
f o r  20 m in s .  The p r o d u c t  s e p a r a t e d  on c o o l i n g ,  was 
f i l t e r e d  o f f ,  and c r y s t a l l i s e d  from much a l c o h o l  i n
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c o l o u r l e s s  n e e d l e s ,  m .p .  1 2 8 -1 2 9 ° .
Y i e l d  60 g .  100)6.
A n a l y s i s .
Wt. o f  s u b s t a n c e  0*3468 g .  Wt. o f  AgBr 0*2147 g .
whence,  fo Br = 26*2
G14E10O2 B r  N r e q u i r e s  26*376 B r .
P r e p a r a t i o n  o f  d i - ( 6 - b r o m o p i p e r o n y l i d e n e ) b e n z i d i n e .
2*3 g .  (2 m oles)  o f  b r o m o p ip e r o n a l  were d i s s o l v e d  i n  
70 c c .  o f  b o i l i n g  a b s o l u t e  a l c o h o l ,  1*8 g .  (1 mole) o f
b e n z i d i n e  ad d e d ,  and th e  m ix t u r e  b o i l e d  f o r  5 m in s .  A
y e l l o w  p r o d u c t  s e p a r a t e d ,  was f i l t e r e d  o f f  and c r y s t a l l i s e d  
from n i t r o b e n z e n e  i n  y e l l o w  p l a t e s .
Y i e l d  3*5 g .  947c.
A n a l y s i s . •
Wt. o f  s u b s t a n c e  0*3937 g .  Wt. o f  AgBr 0*2441 g .
whence ,  76 Br  = 26*2
^23%8^4^^2^^2 r e q u i r e s  26*476 B r .
A c t i o n  o f  c o p p e r  b r o n z e  on 6 - b r o m o p i p e r o n y l i d e n e a n i l i n e .
30 g .  o f  b r o m o p i p e r o n y l i d e n e a n i l i n e  were  h e a t e d  w i t h  
10 g .  o f  c o p p e r  b r o n z e .  No change o c c u r r e d  below  1 9 0 ° .
At 2 0 0 ° t h e  t e m p e r a t u r e  r o s e  s u d d e n ly  to  215° t h e  mass 
b l a c k e n e d  and became v e r y  v i s c o u s . The t e m p e r a t u r e  was
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k e p t  a t  215° f o r  a  f u r t h e r  20 m i n u t e s ,  and t h e n  th e  p r o d u c t  
was e x t r a c t e d  w i t h  c h l o r o h e n z e n e , t h e  s o l v e n t  d i s t i l l e d  o f f  
and th e  r e s i d u e  d i s t i l l e d  i n  vacuum. The f i r s t  f r a c t i o n  
was c o l l e c t e d  a t  ^^^ / i8m .m  p r o b a b ly  c a t e c h o l
m e th y le n e  e t h e r ,  b . p .  1 7 0 ° .
The m a in  f r a c t i o n  was c o l l e c t e d  a t  140° / _ ^  as  a  t h i c k' 10m.m
y e l l o w  o i l  s m e l l i n g  s t r o n g l y  o f  c a r b y l a m i n e . On s t a n d i n g  
on a  p o r o u s  p l a t e  y e l lo w  n e e d l e s  s e p a r a t e d ,  m .p .  62^ ,  
i d e n t i f i e d  a s  p i p e r o n y l i d e n e a n i l i n e . (m .p .  6 5 ° ) .
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B. 9 -immSRED - SB IRQ - R B  G COICPOUEBS .
S y n t h e s i s  o f  w ;w ^ -d i b ro m o - 2 :2 ^ - d ia c e tv l d iT > h e n v l .
9: 1 0 - d i m e t h y l - d i h y d r o x y - p h e n a n t h r e n e  was p r e p a r e d  f rom 
p h e n a n t h r a q u i n o n e  ( B e i l .  V I I ,  797) hy t h e  method g i v e n  hy 
Z in c k e  & Tropp (A nna len  1908 ,  5 6 2 . 2 4 8 ) ,  and o x i d i s e d  t o  
2 : 2 * - d i a c e t y l d i p h e n y l  (Z lncke  & T ropp ,  A n n a le n  1908 ,  5 6 5 .505)*  
The f i n a l  p r o d u c t ,  a f t e r  c r y s t a l l i s a t i o n  from a l c o h o l ,  had  
m e l t i n g  p o i n t  9 4 -9 5 ^ .  (Z incke  & Tropp gave m e l t i n g  p o i n t  8 4 ^ . )  
The h i s - p h e n y l h y d r a z o n e  o f  d i a c e t y l d i p h e n y l  was p r e p a r e d  from 
10 g .  o f  d i a c e t y l d i p h e n y l  (1 mol) d i s s o l v e d  i n  50 g .  o f  
g l a c i a l  a c e t i c  a c id  and 15 g .  (5 m ois )  o f  p h e n y l h y d r a z i n e  a t  
5 0 - 7 0 ° i The h i s h y d ra zo n e  s e p a r a t e d  i n  q u a n t i t a t i v e  y i e l d  
and a f t e r  c r y s t a l l i s a t i o n  f rom "benzene /  p e t r o l e u m  e t h e r  
( h . p .  60-80^)  had  m e l t i n g  p o i n t  178^ (Z incke & Tropp gave 
m e l t i n g  p o i n t  178^ .
B r o m i n a t i o n  o f  2 : 2 ^ - d i a c e t y l d i p h e n y l .
(a )  8"01 g . o f  b rom ine were d i s s o l v e d  i n  20 c c .  o f  g l a c i a l
a c e t i c  a c i d  and 1 5 ’ 98 c c .  o f  t h i s  s o l u t i o n  ( e q u i v a l e n t  to  
6 .4  g . o f  b r o m i n e ) were s lo w ly  added to  4 . 7 6  g .  o f
98.
a i & c e t y l d i p h e n y l  i n  20 c c .  o f  g l a c i a l  a c e t i c  a c i d  a t  4 0 ° .
The m i x t u r e  was warmed and d é c o l o n i s a t i o n  h e g a n  a t  5 0 - 5 5 ° .  
A f t e r  s t a n d i n g  a t  60-70°  f o r  15 m in u te s  t h e  s o l u t i o n  was 
c o o l e d  and c r y s t a l s  s e p a r a t e d .  These were f i l t e r e d  o f f  
and r e c r y s t a l l i s e d  f rom a b s o l u t e  m e th y l  a l c o h o l  and t h e n  
from p e t r o l e u m  e t h e r  ( b . p . 8 0 - 1 0 0 ° ) .  From b o th  s o l v e n t s  
t h e  p r o d u c t  c r y s t a l l i s e d  i n  c o l o u r l e s s  h a i r - l i k e  n e e d l e s ,  
m .p .  1 3 4 - 1 3 5 ° .
Y i e l d  3 g .  405c.
6 g .  o f  t h i s  b r o m i n a t i o n  p r o d u c t  were e x t r a c t e d  f o r  6 h o u r s  
w i t h  p e t r o l e u m  e t h e r  ( b . p .  4 0 -6 0 ° )  i n  a S o h x le t  a p p a r a t u s .
At t h e  en d ,  no d i f f e r e n c e  i n  m e l t i n g  p o i n t  c o u ld  be d e t e c t e d  
b e tw e e n  t h e  u n d i s s o l v e d  r e s i d u e  and t h e  c r y s t a l s  w hich  
s e p a r a t e d  f rom  th e  s o l u t i o n .
(b) 4 . 7 6  g .  o f  d i a c e t y l d i p h e n y l  were t r e a t e d  w i t h  5 .7  g .  o f
b rom ine  {90jo t h e o r e t i c a l ) ,  w i t h  5 g .  o f  anhydrous  sodium 
a c e t a t e .  D e c o l o r i s a t i o n  o c c u r r e d  a f t e r  10 m in u te s  a t  
o r d i n a r y  t e m p e r a t u r e ,  a f t e r  s t a n d i n g  t h e  same p r o d u c t  
s e p a r a t e d  as  b e f o r e .
A n a l y s i s .
(1) S u b s t a n c e  0 '1 5 5 7  g .  AgBr. 0*1710 g .
w hence ,  ÿs Br  * 47
D i b r o m i n a t i o n ,  r e q u i r e s  40 *55^  B r .
T r i b r o m i n a t i o n ,  G ^ ^ ^ q O g B rg ,  r e q u i r e s  50*5^‘> B r .




r e q u i r e s C 48-450
H 3-05=
r e q u i r e s C 40 -35b
H 2-35^
C h l o r i n a t i o n  o f  d i a c e t y l d i p h e n y l .
4 . 7 6  g ,  o f  d i a c e t y l d i p h e n y l  i n  20 g .  o f  g l a c i a l  
a c e t i c  a c i d  a t  50° were t r e a t e d  w i t h  2*84 g .  o f  c h l o r i n e .
On c o o l i n g  and d i l u t i n g  w i t h  w a t e r  s u c c e s s i v e  c ro p s  of  
h a i r - l i k e  n e e d l e s  mixed, w i t h  c l u s t e r s  o f  p r i s m s  were 
o b t a i n e d . m .p .  4 0 ° .  On r e c r y s t a l l i s i n g  from a l c o h o l  
t h e  p r o d u c t  had m .p .  57^ .  R e c r y s t a l l i s a t i o n  from a b s o l u t e  
m e th y l  a l c o h o l  gave a p r o d u c t  o f  m .p .  78°,  w h i le  
r e c r y s t a l l i s a t i o n  from p e t r o l e u m  e t h e r  ( b . p .  60 -80°)  gave 
p r o d u c t  o f  m .p .  6 2 ° .  A l l  t h e s e  s u b s t a n c e s  c r y s t a l l i s e d  i n  
t h e  fo rm  o f  h a i r - l i k e  n e e d l e s  and a l l  c o n t a i n e d  c h l o r i n e .
100
Î T .  5-2TE0%Y_2_(2' -BISPnvIETHYLAimiQ-4^ -ETHQXY-PHEBYL)
-PHMYLTRBCSTHYXAl.ülOB IÜI\i ICI)IDE.
1 .  SYNTHESIS.
(1) 5 - n l t r o - 4 - i o d o - p l i e n e t o l e .
was p r e p a r e d  by th e  method 
g i v e n  i n  t h e  l i t e r a t u r e  (R e v e rd in ,  B e r . ,  1896 ,  2^ ,  2597, 
B u l l ,  S o c . c h i m .  1897, ( 3 ) ,  17 ,  1 1 7 ) ,  f rom 3 - n i t r o - 4 - a m i n o -  
p h e n e t o l e  w h ich  was o b t a i n e d  by th e  h y d r o l y s i s  o f
3 - n i t r o - 4 - a c e t a m i n o - p h e n e t o l e  ( n i t r o p h e n a c e t i n )  w i t h  
c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d .  The c rude  iodo  compound 
was w ashed  w i t h  s t r o n g  c a u s t i c  so d a  s o l u t i o n  and h o t  w a t e r , 
and a f t e r  d r y i n g  was d i s t i l l e d  i n  vacuum, b o i l i n g  p o i n t  
1 9 8 -1 9 9 °  a t  20 mm.
C r y s t a l l i s a t i o n  from p e t r o l e u m  e t h e r  ( b . p .  60-80°)  gave f i n e  
y e l l o w  n e e d l e s  m .p .  6 2 -6 2 ^ .
Y i e l d  72)u.
' (2) P r e p a r a t i o n  o f  4 : 4 ' _d1A t h o x y - 2 : 2 ' - d i n i t r o d i p h e n y l .
60 g .  o f  3 - n i t r o - 4 - i o d o - p h e n e t o l e  were  h e a t e d  to  
170° i n  a  b o i l i n g  tu b e  i n  a m e t a l  b a t h  a t  1 8 0 -1 8 5 ° .  Sm all  
am ounts  o f  p u r e  c o p p e r  b ro n z e  (Judex)  were  s p r a y e d  i n  from
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t im e  t o  t im e  and th e  m ix tu re  k e p t  w e l l  s t i r r e d .  Heat  o f  
r e a c t i o n  q u i c k l y  s e n t  t e m p e r a t u r e  to  190° and th e  a d d i t i o n  
o f  c o p p e r  was r e g u l a t e d  to  keep  th e  t e m p e r a t u r e  below  205° 
( c h a r r i n g  o c c u r s  a t  2 3 0 ° ) .  When 45 g .  o f  c o p p e r  b ro n ze  
h a d  b e e n  added  and th e  t e m p e r a t u r e  had f a l l e n  b ac k  t o  1 7 0 ° ,  
t h e  d i n i t r o d i p h e n y l  was e x t r a c t e d  w i t h  250 c c .  o f  
c h l o r o b e n z e n e  a t  t h e  b o i l i n g  p o i n t .  The s o l u t i o n  was 
f i l t e r e d  f r e e  f rom c o p p e r  and cu p ro u s  i o d i d e ,  two t h i r d s  o f
t h e  s o l v e n t  d i s t i l l e d  o f f  and th e  r e s i d u e  l e f t  to  c o o l ,
l a r g e ,  p a l e  y e l l o w  rhom bohedra  s e p a r a t e d ,  were c o l l e c t e d  and 
washed  w i t h  a l i t t l e  c h l o r o b e n z e n e .
The c h l o ro b e n z e n e  m o th e r  l i q u o r  was l e f t  to  e v a p o r a t e  
s p o n t a n e o u s l y  and d e p o s i t e d  two more c ro p s  o f  e q u a l l y  p u re  
c r y s t a l s .  A f t e r  r e c r y s t a l l i s i n g  from a l c o h o l  y e l lo w  n e e d l e s  
were o b t a i n e d ,  m .p .  1 2 9 -1 3 0 ° .
Y i e l d  28 g . (80ÿL) .
(3) P r e p a r a t i o n  o f  4 : 4 ^ - d i e t h o x y - 2 : 2 ' - d i a m i n o d i u h e n y l .
50 g .  o f  4 : 4 ’ - d i e t h o x y - 2 : 2 * - d i n i t r o d i p h e n y l  were 
added t o  a h o t  p a s t e  o f  80 g . o f  i r o n  f i l i n g s  and w a t e r  w i t h
5 d ro p s  o f  g l a c i a l  a c e t i c  a c i d .  The m ix t u r e  was s t i r r e d  on
t h e  w a t e r  b a t h  and k e p t  as  h o t  as  p o s s i b l e  u n t i l  r e a c t i o n  had  
c e a s e d  (80 m i n u t e s ,  t h e  r e a c t i o n  s l a c k e n e d  a f t e r  30 m in u te s  
and t h e n  s t a r t e d  a g a i n ) . The b a s e  was e x t r a c t e d  w i t h  500 c c . 
o f  b o i l i n g  a l c o h o l ,  t h e  s o l u t i o n  f i l t e r e d  f rom i r o n ,  and two
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t h i r d s  o f  th e  s o l v e n t  removed hy d i s t i l l a t i o n ,  and th e  r e s i d u e  
l e f t  t o  c r y s t a l l i s e .  Small  p r i s m s  s e p a r a t e d ,  and were 
r e c r y s t a l l i s e d  (1) f rom p e t r o l e u m  e t h e r  { h .p .  8 0 -1 0 0 ° )
(2) f rom  a c e t o n e / p e t r o l e u m  e t h e r  ( h . p .  40 -60° )
(3) f rom  a b s o l u t e  a l c o h o l .
A f t e r  c r y s t a l l i s a t i o n  a g a i n  from a b s o l u t e  a l c o h o l ,  c o l o u r l e s s  
n e e d l e s ,  m .p .  1 1 0 -1 1 1 ° were o b t a i n e d .
♦
(4) P r e p a r a t i o n  o f  4 : 4 ’ - c L ie th o x y -2 :2 ’ - “b isd im e t l iy lam ino  
d i p h e n y l .
30 g .  o f  4 : 4 ’ - d i e t h o x y - 2 : 2 ’ - d ia m i n o d ip h e n y l  i n  a 
P y r e x  c o n i c a l  f l a s k  were j u s t  c o v e re d  w i t h  w a t e r .  106 cc .  
o f  m e th y l  s u l p h a t e  were added i n  t h r e e  l o t s ,  t h e  m ix tu r e  
b e i n g  s h a k e n  and warmed on th e  w a t e r  b a t h  f o r  5 m in u te s  and 
t h e n  t r e a t e d  w i t h  c a u s t i c  so d a  {20yc) s o l u t i o n  t i l l  a l k a l i n e  
a f t e r  e a c h  a d d i t i o n .  The m i x t u r e  was l e f t  on t h e  w a t e r  b a t h  
f o r  1 h o u r ,  t h e n  c o o l e d  u n d e r  t h e  t a p  and th e  s o l i d  
t e t r a m e t h y l  b a s e  f i l t e r e d  o f f ,  washed f r e e l y  w i th  
c o n c e n t r a t e d  ammonia and t h e n  w i t h  w a t e r .  C r y s t a l l i s a t i o n  
f rom  a b s o l u t e  a l c o h o l  gave c o l o u r l e s s  p l a t e s  m .p .  8 6 -8 7 ° .
Y i e l d  30 g .  (85fc)
(5) Preparation of  5 -e thoxy-2 - (2 ’ -dimethylaminp-4’ -ethoxy, 
phenyl) phe ny I t  rime thy1ammonium io d id e .
(q) 10 g .  o f  4 : 4 ’ - d i e t h o x y - 2 : 2 ’ - b i s d i m e t h y l a m i n o -
d i p h e n y l  (1 mol)  were  h e a t e d  u n d e r  r e f l u x  i n  s a t u r a t e d  a b s o l u t e
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m e t h y l - a l c o h o l i c  s o l u t i o n  w i t h  8 g .  (2 mois)  m e th y l  
i o d i d e  f o r  2 h o u r s .  On c o o l i n g ,  c r y s t a l s  s e p a r a t e d ,  which 
c o n s i s t e d  c h i e f l y  o f  t h e  t e  t r a m e t h y l  h ase  (m.p .  6 6 ° ) .  
E v a p o r a t i o n  o f  t h e  m o th e r  l i q u o r  gave p r o d u c t  of  m .p .  160° ,  
I t  was c o n c lu d e d  t h a t  m é t h y l a t i o n  had  been  i n c o m p le t e .
(b) 20 g .  o f  b a s e  were h e a t e d  on th e  w a t e r  b a t h  
u n d e r  r e f l u x  f o r  1 h o u r  w i t h  s u f f i c i e n t  m e th y l  i o d i d e  t o  
c o v e r .  The m e th io d id e  s e p a r a t e d  as  s m a l l  p r i s m s  w h ich  were 
f i l t e r e d  from th e  co o led  s o l u t i o n  and washed w i t h  a b s o l u t e  
m e th y l  a l c o h o l  and dry  e t h e r .
R e c r y s t a l l i s a t i o n  f rom w a te r  (3 t im e s )  gave c o l o u r l e s s  
n e e d l e s ,  m .p .  1 6 8 -1 6 9 ° .
W i th  t h e  h a t h  i n i t i a l l y  a t  1 7 0 ° ,  t h e  m .p .  was 1 7 2 -1 7 3 ° .
(c )  .g- g .  o f  h a s e  was l e f t  to  s t a n d  w i t h  1 c c .  of
m e th y l  i o d i d e  i n  t h e  d a r k  f o r  24 h o u r s .  C o l o u r l e s s  
c r y s t a l s  of  m e t h io d id e  s e p a r a t e d ,  i d e n t i c a l  w i t h  th o s e  
o b t a i n e d  i n  ( b ) .
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2 . EKPERII4SRT3 OH THE OPTICAL PROPERTIES.
1 • P r e p a r a t i o n  o f  5 - E t h o x v - 2 - ( 2 ’ -d im e th y l8 jn in o -4 » -
e th o y y p h e n y l )  p h en y l t r im e th y lam m o n iu m cam p h o rsu lp h o n a te
1 1 .7  g .  o f  d l - 5 - e t h o x y - 2 - (2 ’ - d im e th v la m in o -  
4 ’ - e t h o x y  p h e n y l )  phen y l t r im e th y lam m o n iu m  io d i d e  and th e  
e q u i v a l e n t  ( 8 .5  g) f r e s h l y - m a d e  s i l v e r  d-camphor 
1 0 - s u l p h o n a t e  was b o i l e d  u n d e r  r e f l u x  w i t h  150 c c .  o f  
a b s o l u t e  a l c o h o l  and 20 c c .  o f  v /a te r  f o r  30 m i n u t e s .  The 
s o l u t i o n  was f i l t e r e d  from Agi and e v a p o r a t e d ,  th e  r e s i d u e  
b e i n g  f r e e d  from w a t e r  by r e p e a t e d  e v a p o r a t i o n  w i t h  s m a l l  
q u a n t i t i e s  o f  a b s o l u t e  a l c o h o l .  13 g .  o f  p a r t i a l  racem a te  
were o b t a i n e d ,  d e l i q u e s c e n t  g r a n u l e s  i95fo) .
T hese  were found  to  be v e ry  s o l u b l e  i n  b en z en e ,  x y l e n e ,  
and e t h y l  a c e t a t e ,  and s p a r i n g l y  s o l u b l e  i n  l i g h t  p e t r o l e u m  
( b . p .  6 0 - 8 0 ° ) .  I n  c a rb o n  t e t r a c h l o r i d e  th e y  showed 
s e l e c t i v e  s o l u b i l i t y ,  p a r t  d i s s o l v i n g  r e a d i l y  and th e  r e s i d u e  
r e m a i n i n g  a lm o s t  i n s o l u b l e .  T h i s  w a^s c h o s e n  as  t h e  s o l v e n t  
f o r  t h e  f i r s t  s e t  o f  e x p e r i m e n t s ,  and benzene  f o r  th e  se co n d  
s e t .
2 .  F r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  c a m p h o rau lp h o n a te  
f rom  c a rb o n  t e t r a c h l o r i d e  (See Tab le  p . 1 0 9 ) .
4 6 .0  g .  o f  p a r t i a l  r a c e m a te  were t r e a t e d  w i th  
600 c c .  o f  d r y ,  b o i l i n g  c a rb o n  t e t r a c h l o r i d e  and th e
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r e s u l t i n g  s u s p e n s i o n  f i l t e r e d .  On c o o l i n g  i n  dry  a i r ,  th e  
f i l t r a t e  gave 2 3 -3  g .  o f  m a t e r i a l  (Aj) h a v i n g  + 1 5 - 1 °
+ 1 7 - 8 ° ,  ( + 0 - 5 8 ° ,  J.Z ,  -+0 .69° ;  0 ,  1 -9 2 3 0 ;
1 ,  2 ) i n  99/j EtoH. T h is  c ro p  was r e c r y s t a l l i s e d  t w i c e ,  
once f rom  a s a t u r a t e d  s o l u t i o n ,  2 3 -3  g .  o f  i n  250  c c .  o f  
s o l v e n t  gave 13 -0  g .  o f  Ag, and once f rom a v e ry  d i l u t e  
s o l u t i o n ,  1 3 '0  g .  o f  Ag i n  500 c c .  o f  s o l v e n t  gave 2*0  g ,  
o f  A3 . The s p e c i f i c  r o t a t i o n  r em a in ed  u nchanged ,  Ag h a v i n g
1 4 * 9 ° ,  -t 1 7 *7° ,  and A 3 h a v i n g  15*1° ,
+ 1 7 - 9 ° ,  ( -^0 - 61° ,  f 0 . 72° ;
C, 2 -0 1 0 0 ;  1 ,  2) .
The r e s i d u e  R]_ w h ich  r e m a in e d  i n s o l u b l e  a t  t h e  i n i t i a l  
t r e a t m e n t  w eighed  2 1 -6g .  and had -'■15-20,
M Z ,  4 -1 7 -9 ° ,  ( o i A l  4 0 - 6 7 ° ,  + 0 - 7 9 ° ;  0 ,  2 -2000 ;
1 , 2 ) .
On r e c r y s t a l l i s a t i o n ,  each  t im e n e c e s s a r i l y  from a l a r g e  
volume o f  s o l v e n t ,  t h i s  gave 18-0  g .  o f  m a t e r i a l  Rg h a v i n g
1.0* 1o“
4 1 5 - 2 ° ,  /U3j-ui 4 -1 8 ’0 ° .  Rg was r e c r y s t a l l i s e d  
and gave  a  c ro p  Rg (12 "0 g) h a v i n g  4-15-2° ,
W Z J ,  4 1 7 -9 °  ( <1^ -,' 0 - 6 7 ,  ^ A ' . \ 0 - 7 9 ° ;
0 , 2 -2 0 2 0 ; 1 , 2 ) .
The m o th e r  l i q u o r s  were f r a c t i o n a l l y  e v a p o r a t e d  and the  
r o t a t i o n s  o f  th e  v a r i o u s  c ro p s  were m e a s u re d .  The v a l u e s  
o f  M Z .  a l l  b e tw een  4-15-2° and 4-14-7°, w i t h  an
e x p e r i m e n t a l  e r r o r  o f  -  0 . 4 ° .  The v a l u e s  o f
T.O '
1 06 .
l a y  b e t w e e n  +17*9° and ' t l 7 * 5 ^ .  T h is  c o r r e s p o n d s  to 
d i f f e r e n c e s ' i n  t h e  o b se rv e d  a n g l e s  o f  4 0 .0 8 °  and ^ 0 - 1 1 ° .
0 .  F r a c t i o n a l  . C r y s t a l l i s a t i o n  o f  t h e  C am nhorsu lnhonate  
f rom  Benzene . ( see  T ab le  p . 1 1 0 ) .
30*0 g .  o f  p a r t i a l  r a c e m a te  was d i s s o l v e d  i n  
75 c c .  o f  h o t  d ry  b e n z e n e . On c o o l i n g  i n  d ry  a i r ,  2 5 .0  g .  
o f  m a t e r i a l  (A%) s e p a r a t e d ;  h a v in g  + 1 6 * 6 ° ,
<^=^1 s-j-61 +19*7° ( a'34, + 0*64^ ,  c/s'An + 0*76° ;
C, 1*9280 ;  Ii, 2) i n  99ÿo EtoH. On r e  c r y s t a l l i s a t i o n ,  t h i s  
gave  s u c c e s s i v e  c r o p s  Ag ( 1 9 *0g) , Ag ( 1 7 *0g) and A^ ( 6 .0  g) 
h a v i n g  W/Cti  + 1 7 * 3 ^ ,  + 1 7 * 7 ° ,  and + 1 7 -9 °  r e s p e c t i v e l y .
The o r i g i n a l  m o th e r  l i q u o r  was e v a p o r a t e d  and gave f i r s t  
3*5 g (B]_) h a v i n g  W  + 17*5°  and th e n  1*5 g (C%) 
h a v i n g  M  X i  + 1 6 - 3 ° ,  / U l X L - t l 9 . 1 °  ( v 0 - 7 0 ° ,
+ 0 * 8 4 ;  C, 2*1480; 1 ,  2 ) .  The l a t t e r  was t h e
s m a l l e s t  ( p o s i t i v e )  v a l u e  o b t a i n e d  f o r  t h e  s p e c i f i c  
r o t a t i o n  o f  any c r o p ,  some f o u r t e e n  c r o p s  h a v in g  b e e n  
exam ined  i n  a l l .  The l a r g e s t  Value  was +19*0 ,
^ 2 2 . 8  ( dA" +0 * 8 2 0 ,  + 0 * 9 8 ° ;
C, 2 .1 5 0 0 ;  1 ,  2) f o r  t h e  c ro p  (3 .0  g) o b t a i n e d  from th e
m o th e r  l i q u o r  o f  A g . On r e c r y s t a l l i s i n g  c(q no m a t e r i a l  o f  
h i g h e r  r o t a t o r y  power c o u ld  be s e g r e g a t e d ,  e i t h e r  from t h e  
c r o p s  o r  f rom t h e i r  m o th e r  l i q u o r s .  The d i f f e r e n c e  b e tw e e n  
t h e  s p .  r o t a t i o n s  +16*3° and +19*0° c o r r e s p o n d s  t o  a  
d i f f e r e n c e  o f  + 0 .1 2 °  b e tw e en  t h e  o b s e rv e d  a n g l e s .
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4 .  P r e p a r a t i o n  o f  t h e  ^ -b rom ocam phorsu lp l iona te  .
The s i l v e r  s a l t  o f  oc -hromocamphor-  " - s u l p h o n i c  
a c i d  was p r e p a r e d  f rom t h e  a c i d  hy t h e  method o f  Pope & Read 
( J .  1910 ,  97, 2200) t h e  a c i d  i t s e l f  b e i n g  o b t a i n e d  f lo  m th e  
ammonium s a l t  by t h e  method o f  Pope & Peachey  ( T r a n s . 1898,
73, 8 9 3 ) .
12*6 g . o f  5 - e t h o x y - 2 - ( 2 ’ - d im e t h y l a m i n o - 4 ’ - e t h o x y - 
p h e n y l )  p h e n y l  t r im ethy lam m onium  i o d i d e  were d i s s o l v e d  u n d e r  
r e f l u x  i n  75 c c .  o f  a b s o l u t e  a l c o h o l ,  and t r e a t e d  w i t h  a 
s o l u t i o n  o f  11*2 g .  (1 e q u iv )  o f  s i l v e r  d- cc -bromocamphor 
s u l p h o n a t e  i n  a  m i x t u r e  o f  80 c c .  o f  a b s o l u t e  a l c o h o l  and 
20 c c .  o f  w a t e r .  A f t e r  b o i l i n g  f o r  30 m in u te s  th e  s o l u t i o n  
was f i l t e r e d  f r e e  f rom s i l v e r  i o d i d e  and t h e n  e v a p o r a t e d  to 
d r y n e s s .  15 g .  o f  r a c e m a te  were o b t a i n e d  (lOO^o) as  
d e l i q u e s c e n t  g r a n u l e s .  These were v e r y  s o l u b l e  i n  w a t e r ,  
a l c o h o l  and a c e t o n e ,  m o d e r a t e ly  s o l u b l e  i n  benzene 
( p r e c i p i t a t e d )  by l i g h t  p e t r o l e u m  ( b . p .  60-80°)  and i n  
c a r b o n  t e t r a c h l o r i d e .
F r a c t i o n a l  c r y s t a l l i s a t i o n  o f  t h e  ^  -b ro m o cam p h o rsu lp h o n a te  
f rom  b e n z e n e .
15 g .  o f  p a r t i a l  r a ce m a te  were d i s s o l v e d  i n  70 c c .  o f  
d ry  b e n z e n e . F i r s t ,  8 g . (Aq ) s e p a r a t e d ,  h a v in g  + 5 0 .5 °
and t h e n  6 g .  (Bq) s e p a r a t e d ,  h a v i n g  A., + 4 7 * 8 ° .
On r e  c r y s t a l l i s a t i o n ,  Aq gave 5 g .  (Ag ) h a v i n g  o«»i + 4 7 .8  
+ 5 6 . 9 °  ( J- + 2 .0 0 ^ ,  ^  fLii + 2 . 3 8  ;
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G, 2*0905; 1 ,  2 ) .  The m o th e r  l i q u o r  e v a p o r a t e d  gave
E g .  (Xq) h a v i n g  + 51*3° ,  U] Xo. +61*3°
( <7^ o-v. + 2 - 0 6 ° ,  d-Z'. + 2 - 4 6 ° ;  C, 2*060; 1 ,  2 ) .
R e c r y s t a l l i s a t i o n  d id  n o t  seem to  e f f e c t  f u r t h e r  s e p a r a t i o n ,  
t h e  r o t a t i o n s  o f  t h e  c ro p s  r e m a in e d  c o n s t a n t .  The g r e a t e s t  
d i f f e r e n c e  fo u n d  b e tw een  th e  s p e c i f i c  r o t a t i o n s  o f  any 
two c r o p s  was + 5 2 * 0 ^ — +47*6^ ( + 4 * 2 ° )  and c o r r e s p o n d s  
to  a  d i f f e r e n c e  o f  + 0 *06° b e tw e e n  th e  o b s e rv e d  a n g l e s .
1 09 .
The E f f e c t  o f  F r a c t i o n a l  c r y s t a l l i s a t i o n  on t h e  S p e c i f i c  
R o t a t i o n  o f  d . d l - O a m p h o r s u l p h o n a t e .
(1) Carbon  t e t r a c h l o r i d e  s o l u t i o n .
d .(31- c a m p h o rs u lP h o n a te  . 46 g
S o l u t i o n
M . l .
'A% c r o p . 
23*1 g .  
( 4 1 5 -1 ° )
 1 400 0 . 0 .
A p c ro p .1 3  g 
P l 4 - 7 ° )
430 c . c .
B- iCrop .l  g 
( : i 3 - 3 ° )
Aaorop 2 . g 
1+15-2°)
R e s id u e  E-i21-6g 
(+15-20)
M .I .
R„ c r o p . 18 g 
"^(+15-3°)
St c r o p .2 g 
1+15-2°)
M . I .
R-z c r o p . 13 g .  Spcrop  3 . g 
(+15-2^)  ( : l 5 - 2 ° )
(2) Benzene s o l u t i o n .
110
d . d l - c a m p h o r s u l p h o n a t e , 30 g .
75 c . c . b e n z e n e M.L.
A q c ro p .2 5 g .
(+16*6°)
r —
A p c r o p . l 9  g .  , 
(+ 1 7 -2 ° )
M . I .
M . I .
B^crop  3g . 1
( + 1 7 - 5 ° ) '  C ,c ro p
1 g .  
. 1 .  (-16-30)
M . I .^      ^
(+ ' i i ? 6 ° ) Z n o r o p . l g .
( t -1 5  * 6 °  )
B pC rop . 1 *5g. 
(+17*20)
if. M .I .
A % orop . l7g
(+17-70)
X 2 g .  Z p - 0 - 2 g .  
(+17-10)  (+16-90)
M .I .  I M . I .
A4  6g .  B i - l g ' ^  "'of.-l g .  2 5 . I g
( + I 7 -9 0 ) (+ 1 7 -9 ° )  (+17-0°)  (+18-20)
Z g-O -5g .
( 118- 70)
1 1 8 .
The a v e r a g i n g  o f  c o n s e c u t i v e  r e a d i n g s  i n  t h e  c a l c u l a t i o n  
o f  k  a l l o w s  a p o s s i b l e  e r r o r  o f  o n ly  0*0002 ,  and t h i s  
c o r r e s p o n d s  to  a n  e r r o r  i n  t h e  v a l u e  o f  A o f  2 ,5 0 0  c a l s .
The d i f f e r e n c e  b e tw e en  th e  v a l u e s  o b t a i n e d  f o r  t h e  two 
t e m p e r a t u r e  r a n g e s  i s  t h e r e f o r e  j u s t  w i t h i n  t h e  e x p e r i m e n t a l  
e r r o r ,  and th e  v a l u e s  may be g i v e n  a s : -
A, f o r  t h e  d - i o d i d e , 1 1 ,7 0 0  c a l s .  1 1 , 2 5 0 .
A, f o r  t h e d d - c a m p h o r s u l p h o n a t e , 1 8 ,8 0 0  c a l s .  -  1 , 2 5 0 .
n i .  ex
irï.orpKiyrr. d ( — ^ ^ ^  5
"  NM'jT
R q .  Vil .
112.
e x c e s s  h y d r o x id e  and t h e n  e v a p o r a t e d  to  d r y n e s s . The 
r e s i d u e  c r y s t a l l i s e d  f rom w a t e r  i n  g l i s t e n i n g  p l a t e s ,  which 
were  i d e n t i f i e d  a s  th e  o c t a h y d r a t e  . Y i e l d  13 g .  99?^.
f A n a l y s i s .
S u b s t a n c e  0 -5 0 5 4  g .  AgBr 0*2329 g .
whence ^  Ag = 26-2
CgHgSOgAg. 8 HgO r e q u i r e s  26*3^L
P r e p a r a t i o n  o f  d -b en ze n e  s u l p h o n a t e .
4 . 8  g .  o f  d - i o d i d e  were d i s s o l v e d  i n  10 c c .  o f  c o l d  
a b s o l u t e  a l c o h o l ,  and added  t o  a  c o l d  s o l u t i o n  o f  5 -1  g .
o f  s i l v e r  b e n z e n e s u l p h o n a t e  i n  a  m ix t u r e  o f  5 c c .  o f  a b s o l u t e
a l c o h o l  and 5 c c .  o f  w a t e r .  The p r e c i p i t a t e d  s i l v e r  i o d i d e
was f i l t e r e d  o f f  and th e  s o l u t i o n  e v a p o r a t e d  a t  20° i n  v ac u o .  
C r y s t a l s  o f  t h e  d - b e n z e n e s u l p h o n a t e  s e p a r a t e d  o u t .  These 
w ere  k e p t  i n  vacuo  u n t i l  t h e i r  w e ig h t  was c o n s t a n t .
A n a l y s i s .
S u b s t a n c e  0 -3970  g .  V o l .  o f  Eg 22 -7  c . c .
( d r i e d  a t  120°)  .
temp. 20 , p r e s s u r e  767 m.m.
whence /o H = 6-7
^ 2 3 % 8 ^ 2 ^ ^ 3  i* e q u i re s  N.
113.
2 .  IJSASUREm^T OF THE HATES OF RACEMISATIOH OF THE SALT 3
/VMc^dhCD\ X '
^  d-OqoHq^.O.SO3 , ~Q6^5"^^3 -1
IE VARIOUS SOLVBHTS AT THREE TEMPERATURES.
The s a l t s  were p r e p a r e d  as  above and d r i e d  i n  vacuo 
a t  2 0 ° ,  u n t i l  c o n s t a n t  i n  w e i g h t .
S o l u t i o n s  were  made i n  p u re  s o l v e n t s ,  and were  n e c e s s a r i l y  
d i l u t e  owing to  t h e  f a c t  t h a t  t h e  1 - fo rm s  a re  i n  each  l e s s  
s o l u b l e ,  and  t h e  f i n a l  r e a d i n g s  a r e  c o m p l i c a t e d  by s e p a r a t i o n  
o f  s o l i d  m a t e r i a l  f rom  more c o n c e n t r a t e d  s o l u t i o n s .
A s m a l l  volume (20 c . c )  o f  s o l u t i o n  was u sed  i n  o r d e r  to  
r e d u c e  e r r o r  due to  l o s s  by e v a p o r a t i o n ,  t e c h n i q u e ,  and any 
d i f f e r e n c e  b e tw e e n  h e a t i n g  and c o o l i n g  i n t e r v a l  t o  a 
minimum. T h is  e r r o r  was e s t i m a t e d  by a c o n t r o l  e x p e r im e n t  
i n  w h ic h  20  c . c  o f  t h e  o r i g i n a l  s o l u t i o n  were h e a t e d  i n  a 
s e a l e d  t u b e  a t  1 0 0 ° f o r  f i f t e e n  h o u r s ,  and th e  second 
r e a d i n g  d id  n o t  d i f f e r  from th e  f i n a l  e x p e r i m e n t a l  r e a d i n g  
by more t h a n  0 - 0 2 ° .  H e a t in g  was c a r r i e d  o u t  i n  a s e a l e d  
tu b e  ( t h e  t e m p e r a t u r e s  r e c o r d e d  have n o t  been  c o r r e c t e d  f o r  
p r e s s u r e )  i n  a t h e r m o s t a t  r e g u l a t e d  to  w i t h i n  0*1  .
The p o l a r i m e t e r  r e a d i n g s  have a p o s s i b l e  e r r o r  o f  to .01°, 
and w ere  t a k e n  i n  a  1 dem. tu b e  a t  25° , t h e  m ercury  y e l lo w
114.
l i n e  b e i n g  u se d  f o r  t h e  c a l c u l a t i o n  o f  k .  I t  was found  i n  
some c a s e s  t h a t  r a c é m i s a t i o n  was s low and th e  change o f  
r o t a t i o n  o v e r  a  g i v e n  p e r i o d  was w i t h i n  t h e  e x p e r i m e n t a l  
e r r o r  ( 0 * 0 1 ° ) .  S e v e r a l  s e t s  o f  r e a d i n g s  were t h e n  t a k e n  
o v e r  w i d e l y  d i f f e r e n t  p e r i o d s  and th e  r e s u l t s  r e c o r d e d  are  
a v e r a g e  v a l u e s .






1 1 7 .
The E f f e c t  o f  T e m p e ra tu r e  on  t h e  R a t e s  o f  R a c é m i s a t i o n  
o f  th e  d - l o d i d e  and  th e < J d -c a m p h o r s t i l p h o n a te  .
M e a s u re m e n ts  h av e  t e e n  t a k e n  i n  a q u e o u s  s o l u t i o n  
(of  u n i f o r m  c o n c e n t r a t i o n )  a t  t h r e e  t e m p e r a t u r e s ,  8 5 ° ,  90° and  
95°,  and v a l u e s  h av e  t e e n  c a l c u l a t e d  f o r  t h e  e n e r g y  o f  
a c t i v a t i o n  A f ro m  t h e  A r r h e n i u s  E q u a t i o n : -  
A = ( l o g  K g - l o g  RT^.Tg
0 . 4 3 4 3  (Tg -  )
For  t h e  d - i o d i d e ( D e t a i l s  o n  p a g e s  1 2 7 ,1 2 8  & g r a p h  o n  p . 119)
Temp : k A
85 0 -00093
90 O 'O O llg 1 2 , ( 9 ) 0 0  c a l s . )
95 0 . 0 0 1 4 5
) m ean  
1 0 , ( 4 ) 0 0  c a l s . )  1 1 , ( 7)00 c a l s .
. - c a m p h o r s u l p h o n a t e  : -
( d e t a i l s  o n  p a g e s 1 2 1 , 1 2 5 , 1 2 6  & g r a p h  on  p , .119)
Temp : k A
85 O.OOO65
90 0 . 0 0 0 9 5 2 0 , ( 5 ) 0 0  o a l s .)
95 0 . 0 0 1 3 3
) mean 
1 7 , ( 1 ) 0 0  c a l s . )  1 8 , ( 8 ) 0 0 c a l s .
119.
TEMPE-R/^TURE e f f e c t
" ^ ccCJIKm S ïïj^ n d ‘ d  —' Cl<a_i.».pUorSuJpLohjjJ  ^
lü d - I ed<J« ,/,ND ION E F F E CT ,
0-5
^  -  J e j ' . ^ t x e s 'u J p L a K . a J e




e s  u-1 p  ko  Kjx-he,
1 2 1 .
T A B L E S .
P o l a r i m e t e r  z e ro  r e a d i n g  = 259 «54^ »
k i s  c a l c u l a t e d  f o r  th e  y e l lo w  l i n e ,
Î . ’ R acé m i s a t i o n  o f  ^  camphor s u lp h o n a te
(a)  I n  v a r i o u s  s o l v e n t s ,  a t  90° .




^  rill T h  ■ '"1 %
0 0*04 0-12
0+ 0- 50 + 0 -5 8
50 0 '00 0*07 0 -4 6 ° 0 -5 3 0-00094
90 259*97 0*04 0 -4 3 ° 0 -50 0 -0009g
150 259-92 259*98 0 -3 9 ° 0 -44 0-00097 0 -0 0 0 9 .6
200 259•90 259-95
0
0-26 0 -41 0-0009g
280 259-86 259-91
0
0-22 0-3 7 0-00095
270 259-82 259-85 0 -28° 0 -3 1 0 -OOlOg
oO 259-65 259-66 0 -1 1 ° 0-12
S a i f - v a l u e  p e r i o d  = 210 mins
122 .
2 .  I n  A l c o h o l . 0 -2372  X 5.
1 iVe .
^ Oil f^k6l
sill 1=^ j'Ltl i .
0 0 -9 3 1-17 t  1 -3 9 + 1 -6 3
35 0 -8 6 1-07 1 -3 2 1-5 3 O-OOlOg
70 0*80 0 -9 7 1 -2 6 1 -4 3 0-0009g
120 0 -7 3 0-88 1-1 9 1-34 O-OOlOg
180 0 -6 4 0 -7 6 1-10 1-22 0 -0010g '
240 0 -5 7 0-6 9 1 -0 3 1-15 0 -0009g 0-0010
350 0 -45 0-58 0 -9 1 1-04 0 -0012g
560 0 -2 9 0-41 0 -7 5 0 -87




0 -07 0 -1 8 0 -5 3 0-6 4
0 -07 0-18 0 -5 3 0-6 4
H a lf -v a lu e  p er io d  = 300 m ins.
3. In Acetone, c = 0'2662 % 5.
123.
) . "Re-d~ol .
s'K6i M-. ' %
0 1-19 1-46 + 1-65 + 1-92
40 1-03 1-25 1 .4 9 1 .7 1 0 .0018g
90 0 .8 6 1-05 1-32 1 .5 1 0 .0019g
130 0 .75 0-90 1-21 1-3 6 0 .0019g
220 0 .56 0-67 1 .0 2 1 .1 3 0  . 0 0 2 0 q
320 0 -4 3 0 -5 6 0 '8 9 1-02 0 -0018g
580 0 -25 0-39 O '71 0 '85 0-0023
870 O ' 20 0 '66
1050 0 '19 0-65
1130 0-19 O ' 65
k
0 -00194
Half-value period = 155mine
124.
4 .  I n  A c e t o n i t r i l e . c = 0*2590 x  5 .
1 .
nil -6 , ■ ■ k .
0 1-13 1-37 + 1-59 + 1 -8 3










1 - 2 0
0 - 0 0 2 2 q )
) 0 - 0 0 2 1 =  







0 - 6 8  






0 -9 6  
0  - 8 6
0 - 0 0 2 0 g )
) 0 - 0 0 2 1 ,  
0 - 0 0 2 2 q )
0 -0024
O-OO2 I 4
770 0 - 2 4 0-3 6 0-70 0  -82
1050 0 - 2 3 0 -35 0-69 0-8 1
1350 0 -2 3 0 -3 5 0 -6 9 0 -8 1
H a l f - •value p e r i o d  = 140 m i n s .
5 .  I n C h lo ro fo rm .
0 1 - 1 1 1-57 + 1 -3 6 +1-82
40 0-80 1-26 1-03 1-49
90 0-64 1 - 1 0 0-82 1-28 0-003
300 0  - 2 2 0 - 6 8 0-40 0 - 8 6
H a l f - v a l u e  p e r i o d  = 100 mine
( t )  A t v a r i o u s  t e m p é r a t u r e s ,  i n  w a te r
1 . At 85 . c = 2634 x  2 .
125.
nye.. T^o lo^ir 1 ev 
^ Tt hi A s'Uii
5-511 s'hil k.
0 0 - 0 4 0*12 + 0 - 50 + 0 . 58
30 0 - 0 3 0 - 1 0 0 -49 0 - 5 6 O-OOOYg
120 359*98 0 - 0 6 0 . 44 0 - 5 2 0 - 0 0 0 6 i
130 3 5 9 - 9 5 9 - 0 2 0 - 4 1 0 -48 0 ' 0 0 0 6 g
245 3 5 9 - 9 2 3 5 9 - 9 8 0 - 3 8 0 - 4 4 0 -00 0 6 ]_ 0 . 0 00 65
32 5 3 5 9 - 8 9 3 5 9 - 9 5 0 - 3 5 0 - 4 1 0 - 0 0 0 6 4
445 3 5 9 - 8 5 3 5 9 - 9 0 0*31 0 - 3 6 0 . 0 0 0 6 4
625 3 5 9 - 8 0 3 5 9 - 8 5 0 - 2 6 0 - 3 1 O.OOO69
H a lf -v a lu e  p er io d  » 460 mins
126.
.02 .  At 95, . 0 = 0 -2624 x 2 .
T * Jrrv e  , 1 ^0 1 a r  ivwt-hc-V
A  r i m
^ e a .d < K C ||^ .  
^  S 'U & l
k .
0 0 - 0 4 0 - 1 2 +  0 ’50 + 0 - 5 8
35 0 - 0 0 0 '07 0 -46 0 - 5 3 0 -0013g
85 3 5 9 - 9 5 0 - 0 1 0 - 4 1 0 - 4 7 0 - 0 0 1 3 4
135 3 5 9 - 9 1 3 5 9 - 9 6 0 - 3 7 0 - 4 2 0 - 0 0 1 2 5
175 3 5 9 - 8 8 3 5 9 - 9 2 0 - 3 4 0 -38 0 -00139 0 -0013g
235 3 5 9 - 8 4 3 5 9 - 8 7 0 - 3 0 0 - 3 3 0 - 0 0 1 3 g
oO 3 5 9 - 6 5 3 5 9 - 6 6 0-1 1 0 -1 2
H a l f - v a l u e  p e r i o d  = 230 mina
03. At 90 . k  = 0-00090 
see  p . 121.
H a l f - v a l u e  p e r i o d  = 310 m in s .
127 .
iï .* H a c e m is a t io n  o f  d ~ i o d i d e ,  i n  w a t e r  a t  v a r i o u s  t e m p e r a t u r e s
1 :  At 8 5O. 0 = 2070 X 2 .
Tirv^ e. ? ûl
A mu
g* .
^  m i
Ù - ,  ■ H  1 k .
0 3 5 9 - 9 3 3 5 9 - 9 8 + 0 - 3 9 + 0 - 4 4
35 3 5 9 - 9 0 3 5 9 - 9 5 0 - 3 6 0 -41 0 - 0 0 0 9 5
75 3 5 9 - 8 7 3 5 9 - 9 1 0 - 3 3 0 - 3 7 0 - 0 0 0 9 4
135 3 5 9 - 8 3 3 5 9 - 8 7 0 - 2 9 0 - 3 3 0 -0 009 2 0 - 0 0 0 9 g
185 3 5 9 - 8 0 3 5 9 - 8 3 0 - 2 6 0 - 2 9 0 - 0 0 0 9 g
265 3 5 9 - 7 6 3 5 9 - 7 9 0 - 2 2 0 - 2 5 0 -0009^
335 3 5 9 - 7 3 3 5 9 - 7 5 0 - 1 9 0 - 2 1 0 -0009^
385 3 5 9 - 7 1 3 5 9 - 7 3 0 - 1 7 0 - 1 9 0 «0 0 0 9 y
H a lf -v a lu e  p er io d  -  320 mins
128.
2 .  At 9 0 ° .  c = 0-2070 X 2 .
?  û l O.V ivvvc>^-e.v 
^  j 'T ) ,
e -o -d  l*-^S . 
^  S'k&l
^  s '> 1 l k.
0 359-93 359-98 + 0 -39 + 0 -4 4
50 359-88 359-93 0-34 0-39 0 - 0 0 1 1 g
85 359-85 359-89 0-31 0-3 5 0 - 0 0 1 2 g
135 359-81 359-84 0-27 0-30 0 - 0 0 1 2 g 0 . 0011g
175 359-78 359-80 0-24 0-27 0  - 0 0 1 1 g
225 359-75 359-76 0 - 2 1 0 - 2 2 0 - 0 0 1 2 q
305 359-71 359-72 0-17 0-18
H a l f - v a lu e  p e r i o d •  2 5 0  m i n s .
3.  At 95° .  c = 0-2070 X 2.
0 359-93 359-98 + 0 -39 + 0-44
30 359-88 359-94 0 -3 4 0 -42) 
)
0 -39)50 359 -87 359 - 93 0-33 0 -0014g
70 359-85 359 - 91 0-31 0-37 0 .0 0 1 4 g
1 1 0 359-81 359-85 0 27 0-31 0-00145 0*00145
230 359-72 359-76 0-18 0 - 2 2 0-00140
330 359-67 359 - 71 0 -1 3 0 -17 0.0014]_
380 359-65 359-68 0 - 1 1 0-1 4 0 -0014g
410 359-64 359 .67 0 . 1 0 0 .1 3 0 .0013e
H a l f - v a lu e  ueriocL -  310 mins
I l l . R a c é m is a t io n  o f  d - l e n z e n e s u lp l i o n a t e  i n  w a te r
At 90° .






^ S t ,  il % b .
0 3 5 9 - 8 7 3 5 9 - 9 2 + 0 - 3 3 +  0 - 3 8
50 3 5 9 - 8 2 3 5 9 - 8 6 0 - 2 8 0 - 3 2 0 .0 0 1 4 2
85 3 5 9 - 7 9 3 5 9 - 8 2 0 - 2 5 0 -28 0 -0 0 1 4 q
150 3 5 9 - 7 4 3 5 9 - 7 6 0 -20 0 - 2 2 0 -0014g
200 3 5 9 - 7 1 3 5 9 - 7 3 0 - 1 7 0 -19 0 -0 0 1 4 ^ 0 - 0 0 1 4 2
260 3 5 9 - 6 3 3 5 9 - 6 9 0 - 1 4 0 - 1 5 0 -0014 q
320 3 5 9 - 6 6 3 5 9 - 6 7 0 - 1 2 0 - 1 3 0 -0014g
H a lf -v a lu e  p er iod  = 210 mins
I l l . R a c é m i s a t i o n  o f  d - ’b en z e n e s u l 'p l io n a te  i n  w a t e r  
A t  9 0 ° .
1 2 9 .
c » 0 *2239 X 2 .
e>] cxr i»we^ l"-c.v
A A ri.61
^ S t ,  il b .
0 3 5 9 - 8 7 3 5 9 * 9 2 +  0 -  33 +  0 -  38
50 3 5 9 - 8 2 3 5 9 - 8 6 0 - 2 8 0 - 3 2 0 .0 0 1 4 2
85 3 5 9 - 7 9 3 5 9 - 8 2 0 - 2 5 0 - 2 8 0 - 0 0 1 4 q
150 3 5 9 - 7 4 3 5 9 - 7 6 0 - 2 0 0 - 2 2 0 -0 0 1 4 g
2 0 0 3 5 9 - 7 1 3 5 9 - 7 3 0 - 1 7 0 -19 0 -0014]_ 0 - 0 0 1 4 2
260 3 5 9 - 6 3 3 5 9 - 6 9 0 - 1 4 0 - 1 5 0 -0 0 1 4 g
320 3 5 9 - 6 6 3 5 9 - 6 7 0 - 1 2 0 - 1 3 0 -0 0 1 4 g
H a lf - v a lu e  p e r io d  = 210 m ins
130
C O n g i f . i V r v  r  : - ( Y  V y  ; ) T
h a l i w #  !:■.:’ iT y ï  :
seamed --'
S U M M A R Y .
à  ■ e u i . ' - '  i » '  
' (tourne ■ 
: J  ' .  o , .  .
1 3 1 .
Two l i n e s  o f  i n v e s t i g a t i o n  h a v e  "been f o l l o w e d :  T on th e
m e c h a n i c a l  a s p e c t  and Ï T  on t h e  e l e c t r i c a l  a s p e c t  o f  
d i p h e n y l  d y n a m ic s .
T An a t t e m p t  h a s  h e e n  made t o  s y n t h e s i s e  a  2 : 2 * - h e t e r o - s p i r o - c y c l o  
d e r i v a t i v e  o f  d i p h e n y l  w i t h  a  v ie w  t o  d e t e r m i n i n g  t h e  
c o n f i g u r a t i o n  a d o p t e d  hy t h e  s p i r o c y c l o  c h a i n .  The p r e p a r a t i o n  
o f  h a l i d e s  o f  t h e  t y p e  ( ) h a s  h e e n  e x a m in e d ,  a s  i t
CPi Cft, 
X X
seemed p r o h a h l e  t h a t  t h e y  w ould  u n d e rg o  r i n g  f o r m a t i o n  w i t h
p i p e r i d i n e  : - 3+'
A s u i t a b l e  h a l i d e  c o u l d  n o t  he o b t a i n e d .  I t  was fo u n d  i n  t h e  
c o u r s e  o f  i n v e s t i g a t i o n s  t h a t
(1) Compounds o f  t h e  t y p e  do n o t  r e a c t  w i t h
p o t a s s i u m  i o d i d e  t o  g i v e  an io d o  compound, com plex  
i n t e r m o l e c u l a r  compounds o f  h i g h  m .p .  a r e  fo rm e d .
(2) The t e t r a m e t h y l  t o l y l e n e  g l y c o l  ( ~ ) - {  ) r e a d i l y  u n d e r g o e s
<tsH irH
lOOJo d e h y d r a t i o n  i n  t h e  p r e s e n c e  o f  HBrg o r  d r y  HCl g a s  to  
g i v e  t h e  h y d r o c a r b o n  .
h V»
No r e p l a c e m e n t  o c c u r s .
(3) The h r o m o - d e r i v a t i v e , ( )— ( ) , i s  e x t r e m e l y  l a b i l e ;
CPU^ CJPk,
w i t h  m o s t  common s o l v e n t s  i t  fo rm s  d e l i q u e s c e n t  s o l u t i o n s  i n  
w h ic h  h y d r o l y s i s  p r o c e e d s .
(4)  The b r o m i n a t i o n  o f  2 : 2 ' - d i a c e t y l  d i p h e n y l  d o e s  n o t  p r o c e e d  
s m o o th ly  i n  a c e t i c  a c i d  o r  i n  c h l o r o f o r m  s o l u t i o n .
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R e p la c e m e n t  o f  t h e  e n o l  g ro u p  seems t o  o c c u r ,  h i g h e r  
h r o m o - d e r i v a t i v e s  a r e  f o rm e d .
(5) 6 - h r o m o p i p e r o n a l  u n d e r g o e s  a u t o r e d u c t i o n  i n  t h e  p r e s e n c e  
o f  c o p p e r  b r o n z e  i n  a n  a t m o s p h e re  o f  c a r b o n  d i o x i d e ,  p i p e r o n a l  
b e i n g  f o rm e d .
I t  was c o n c lu d e d  t h a t  a  g r e a t  d e a l  o f  p r e l i m i n a r y  w ork  was 
n e e d e d  on t h e  c h e m i s t r y  o f  2 : 2 ' - s u b s t i t u a n t s  t h e m s e l v e s ,  b e f o r e  
t h e  s y n t h e s i s  o f  a  s p i r o - c y c l o  compound c o u l d  be c o m p l e t e d .  
5 - E t h o x y - 2 - ( 2 ’ - d i m e t h y l a m i n o - 4 '  - e t h o x y p h e n y l )  p h e n y l t r i m e t h y l -  
ammonium i o d i d e ,  j~(^  )q£>- , h a s  b e e n  s y n t h e s i s e d  and  i t s
o p t i c a l  r e s o l u t i o n  a t t e m p t e d .  I t  was t h o u g h t  t h a t  a c o m p a r i s o n  
o f  some o f  i t s  dynam ic  p r o p e r t i e s  w i t h  t h o s e  o f  i t s  a n a l o g u e
NMti
( )  ^ ) r e s o l v e d  by Shaw & T u r n e r ,  m ig h t  l e a d  t o  some
i n t e r e s t i n g  c o n c l u s i o n s  as  to  t h e  i n f l u e n c e  o f  p o l a r i t y  on 
o p t i c a l  s t a b i l i t y .  The d - c a m p h o r s u l p h o n a t e  and 
d - b r o m o c a m p h o rs u lp h o n a te  o f  t h e  e t h o x y  d e r i v a t i v e  b o t h  showed 
a l m o s t  c o n s t a n t  r o t a t i o n .
The r a t e s  o f  r a c é m i s a t i o n  o f  t h e  d . d - c a m p h o r s u lp h o n a t e  o f  t h e  
u n s u b s t i t u t e d  compound, ( ^  ^ h a v e  b e e n  d e t e r m i n e d  i n
v a r i o u s  s o l v e n t s ,  and have  b e e n  com pared  w i t h  t h o s e  o f  t h e  
^ - i o d i d e  i n  aq u e o u s  s o l u t i o n  a t  t h r e e  t e m p e r a t u r e s .  V a l u e s  f o r  
t h e  e n e r g y  o f  a c t i v a t i o n  o f  b o t h  m o l e c u l e s  h av e  b e e n  c a l c u l a t e d  
The d - b e n z e n e s u l p h o n a t e  h a s  b e e n  p r e p a r e d  and i t s  r a t e  o f  
r a c é m i s a t i o n  com pared  w i t h  t h a t  o f  t h e  d - i o d i d e  and o f  t h e  
d ^ - c a m p h o r  s u l p h o n a t e .
